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1.0 INTRODUCTION 


A solar domestic hot water and space heating system using air type solar 
energy collection techniques is presented for a specific design. The system 
consists of a modular designed prepackaged solar unit containing solar col- 
lectors, a rock storage container, blowers, dampers, ducting, air-to-water 
heat exchanger, DHW preheat tank, piping and system controls. The system 
was designed to be installed adjacent to a small single family dwelling. 

The prepackaged unit is documented for 135, 203 or 271 square foot collector 
arrays utilizing a particular commercially available solar collector with 
appropriate storage capacity. This document describes design, performance 
and hardware specifications in sufficient detail to (1) fabricate a pre- 
packaged unit, (2) to allow architectural engineers and contractor to pro- 
cure, install the site oriented hardware and finally (3) to permit a con- 
tractor to operate and maintain the system. 
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2.0 SYSTEM DESCRIPTION 

SIMS Prototype- System 4 is an air-operated solar space and domestic hot-water 
heating system. Eleven functional components, as described below are, con- 
figured in the system as illustrated in Figure 2.0-1. 

Functional Components 

(1) Solaron Corporation Series 2001 flat plate air-type solar 
collectors 

(2) Pre-fabricated modular pebble bed, thermal storage unit 

(3) One Grainger Inc. Model 7C812 air blower 

(4) One Grainger Inc. Model 2C986 air blower with 5K900 motor 

(5) Two Ruskin Model CD454PW/MP1161 control dampers 

(6) Two American Warming Model SHB-D-1217 back-draft dampers with 
cohrelastic blades 

(7) Two American Warming Model DAA-P-8150 balancing dampers 

(8) Jackson Manufacturing Model UCO 5225 hot water tank for system 
preheat tank 

(9) Halstead Mitchell Model SW2-18-18-8 air-to-1 iquid heat exchanger 

(10) The conventional hot water heater 

(11) The auxiliary heat source 

(12) Control components (described in later section) 


LEGEND 
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Figure 2.0-1, System 4 Schematic Diagram 



As Illustrated in Figure 2.0-2, the system has three modes of operation to 
maintain three different air circulation loops: (1) Collector to Storage, 

(2) Collector, to Load and (3) Storage to Load. Air flow is controlled by 
two blowers and two control dampers as Indicated in Table 2.0-1. Solar 
energy is collected in modes (1) and (2). Space heating Is accomplished 
In Modes (2) and (3). 

Water is circulated in the domestic hot water preheat loop between the 
air-to-water heat exchanger and the preheat tank by syphon action. Domestic 
hot water heating is primarily accomplished in mode 1 when air temperatures 
to the heat exchanger are hottest; however, when air temperatures to the 
heat exchanger are higher than preheat tank water temperatures, water heating 
can also be accomplished In modes 2 and 3. 

Two non-solar components (10), a conventional domestic hot water tank, and 
(11), an auxiliary heat source, operate in conjunction with the solar hard- 
ware to augment system heating requirements. These components are site de- 
pendent and existing items at the site. Their location in the overall system 
is illustrated in Figure 2.0-1. The two non-solar components (10), a domestic 
hot water tank, and (11), an auxiliary heating unit, are contained within the 
site dwelling and are connected to the Remote Solar Assembly by insulated 
piping and ducting. 

All of the solar components (1) through (9) are assembled together in a modu- 
larized structure, to form a stand alone Remote Modular Assembly. This pre- 
packaged unit is documented for 135, 203 and 271 net square foot collector 
array sizes utilizing the Solaron Corporation Series 2001 collector. Appro- 
priately sized modular thermal storage units are included in the designs for 
each of the three collector array sizes. Larger Remote Modular Assemblies 
could be assembled using the same modular hardware, but with appropriate 
blower and duct changes. 


System control consists of simple on-off temperature sensitive components. ' 
These components and elect 1 leal circuits are described in the Control Sub- 
system, .-Section- 2.5. 




MODE 3 Storage to Load 
Figure 2.0-2, System 4 Modes of Operation 
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The system can be functionally divided into Collector, Energy Storage, Energy 
Transport, Domestic Hot Water, Controls and Auxiliary Energy Subsystems. Each 
of these subsystems Is described in the following sections. 

2.1 COLLECTOR SUBSYSTEM 

System 4 collector subsystem consists of either 8, 12 or 16 Solaron Corporation, 
Series 2001, air heated collectors with appropriate mounting and flashing hard- 
ware. The basic collector is a 3 ft. wide by 6.5 ft long by 7 1/4 inches 
thick rectangular parallelopiped shaped unit with a 24-gage steel enclosure. 

The back surface insulation of the collector Is 1 inch thick, 2 pounds per 
cubic foot fiber glass batt. The absorber is 24-gage steel with a PPG "Dura- 
cron 600" surface finish. The absorptivity and emmissivity of the absorber 
is 0.94 and 0.82 respectively. The weight of each collector is 153 pounds. 

The collector is double glazed with 1/8" thick low iron tempered safety glass 
(Fourco) having a total transmittance of 0.77. The Series 2001 collectors can 
be ganged 2-hlgh for serial air flow. Many additional collectors can be ganged 
together by paralleling the 2-high collectors to form 2 by X collector array. 
System 4 Design Description Drawing, 7934983, shows series-parallel air flow 
paths for 2x2, 2x4 and 2x8 collector arrays. Air manifolding between collec- 
tors is maintained within the collectors. 

The Solaron series 2001 collector efficiency is described by Figure 2.1-1. 

The collector parameters used in plotting this curve are defined as follows: 

n = Collector efficiency 

T| n = Collector inlet air temperature in °F 

T b = Ambient outside air temperature in °F 

t = Effective combined transmittance of both 

glazings at normal incidence 

a - Absorber solar absorptance 

F' » Collector efficiency factor 

F R = Collector heat removal factor 

= Collector heat loss factor 

Wq ■ Air flow rate test condition 

I = Solar insolation in Btu/Hr Ft 2 

(ra) n - Effective transmittance - solar absorptance 

product at normal incidence 
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2.2 STORAGE SUBSYSTEM 


System 4 storage subsystem consists of a bed of pebbles contained In a 
rectangular shaped thermally Insulated enclosure. The enclosure fabricated 
for the System 4 demonstration Is 117.5" long by 70" wide by 52 3/4" high and 
contains approximately 5 1/2 tons of washed rounded stones 3/4" to 1 1/2" dia- 
meter. 

The storage subsystem Is designed and documented per 7934940 drawing for 75, ! 
112.5 and 150 cubic feet capacities as required for 8, 12 and 16 collector array 
sized systems respectively. These storage capacities result In a thermal 
storage capacity of approximately 10 Btu/°F per square foot of collector. 

Air Is circulated from top to bottom through the pebbles when operating In the 
collector to storage mode of operation. Air flow Is reversed and passes up 
through the pebbles when operating In either the storage to load or collector 
to load modes of operation. In the latter mode, only a portion of the total air 
passes up through storage (about 1/2 of the total load). 

The pebble bed enclosure Is constructed by assembling side panels, end panels 
and top cover panels within the Remote Solar Assembly. The floor In the 
structure forms the base of the storage enclosure. Pebbles are supported 12 
Inches above the floor of the enclosure by a welded steel grating assembly. 

The space between the grating and the floor forms a lower plenum. The space 
between the top cover and the surface of the pebbles forms an upper plenum. 

The enclosure has three openings. One opening, 18" x 18" is located In the 
top center cover and provides passage to the upper plenum. The other two 
openings, 6" x 48" are located one each near the base of the ends of the 
enclosure and provide passage to the lower plenum. 

Basic building - block panels have been designed to fabricate each of the 
three capacities described above. Larger storage capacities can be ob- 
tained In 37.5 cubic feet Increments by assembling the necessary combinations 
of the existing design building - block panels. Panels required for a 8, 12 
and 16 collector systems are defined In Table 2.2-1 . : 
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Figure 2.1-1, Solaron Corp. Series 2001 Collector Efficiency 
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Table 2.2-1 Rock Bed Storage Enclosure Hardware 


Description 


Part No. Size 


8 Collector Assj 


7934940-1 i 

i 

7934940-1 

7934940-1 

7934940-1 

12 Collector Ass^ 

7934940-2 

7934940-2 

7934940-2 

7934940-2 

16 Collector Assj 

7934940-3 
7934940-3 j 
7934940-3 ! 
7934940-3 
7934940-3 


Side 

7934936 

48"x3G"x4 3/4' 

Top 

7934978 

70"x40 3/4" x4 

Top 

7934937 

70"x40 3/4"x3, 

End 

7934938 

70"x48"4 3/4" 

Side 

7934936 

48"x36"x4 3/4 

Top-End 

7934937 

70"x40 3/4"x4 

Top-Center 

7934939 

70"x36"x4 3/4 

End Panel 

7934938 

70"x48"x4 3/4 

Side 

7934936 

48"x36"x4 3/4 

Top-Inner 

7934939 

70x36 "x4 3/4" 

Top-Inner 

7934977 

70"x36"x4 3/4 

Top-Outer 

7934937 

70x36 "x4 3/4" 

End 

7934938 

70"x48"x4 3/4 





The Insulated panels are a sandwich type construction consisting of 4.25 
thick Isocyanurate foam, Upjohn CPR 9545, with .060 "thick polyester-glass 
face sheets bonded with epoxy adhesive, Dexter Corp. EA934. Polyester-glass 
channel, 4 3/4" x 1 5/8" x 3/16" is bonded to all edges of the sandwich panels 
including openings to protect the foam. Isocyanurate foam sheets are laid on 
the floor of storage to Insulate the base. 

The grating which supports the pebbles is a welded assembly that is sized 
consistent with the storage panel modular concept. One grating assembly is re- 
quired for each 37.5 cubic feet of storage. The assembly consists of a rectan- 
gular sheet of steel grating to which four legs are welded. The grating has 
3/16" x 3/4" bearing bars 1 3/16" on centers with 1/4" square cross bars 4" on 
centers. The legs are 2" x 2“ x 3/16" steel structural angle. A 1/2" x 1/2" 
mesh steel wire cloth with .040" diameter galvanized wire is laid above the 
grating to prevent small pebbles from falling through the grating. 

A piece of perforated sheet metal is placed on the top surface of the pebble 
bed and centered under the top center air opening. The purpose of the sheet 
is to deflect the air to eliminate channeling of air through the center of the 
pebble bed. 


2.3 ENERGY TRANSPORT SUBSYSTEM 

! ■■ :■ ; \ [ : I- 

The energy transport subsystem is a two-blower system with control dampers, 
balancing dampers, back draft dampers and interconnecting duct work. This 
subsystem consists of the following hardware: 

Item Description Qty. 

Collector Loop Blower Assembly 
Load Loop Blower Assembly 

Control Dampers 
Balancing Dampers 
Back Draft Dampers 
Collector Loop Duct 
Load Loop Duct 

Air flow is adjusted in either the collector loop or load loop by varying the 
pulley diameters of the motor shaft pulley. The blowers are belt driven, "A" 
width, with motors mounted to the blower housing on a swivel base to facili- 
tate belt tension adjustment. The motors are 115 VAC, sleeve bearing, auto- 
matlc-reset- thermally protected motors. The motor for the collector loop is a 
1/2 horse power, 1725 rpm, split-phase motor. The motor for the load loop Is a 
3/4 horse power, 3450 rpm, capacitor start motor. 

The collector loop blower has a 4.35" pitch diameter pulley on the blower 
shaft and a 1.9" to 2.9" pitch diameter variable pitch pulley on the motor 
shaft.' No adjustment in pulley diameter is considered necessary after the 
Initial setting. The load loop blower has a 6.85" pitch diameter pulley 
on the blower shaft and a 2.8" to 3.8" pitch diameter variable pitch pulley 
on the motor shaft. Pulley diameter adjustment will most likely be required 
when the system is installed in the field so as to obtain the desired air 
flow. Motor current should be monitored while adjusting pulley diameters to 
verify that the motor rating is not exceeded. 


Grainger 7C812 1 
Grainger 2C986 blower with 1 
5K900 motor 

Ruskin CD454PB/WMP 1161 2 
American Warming DAA-P-8150 2 
American Warming SHB-D-1217 2 
12" Round 26 gage galv. AR 
14" Square 26 gage galv. AR 
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The collectors are manifolded together in two eight (8) collector series - 
parallel arrays as shown in System 4 Design Description Drawing 7934983. 

Air is ducted to each array in two parallel loops in a "V" configuration. 
Balancing dampers are installed in series with the collector arrays in each 
parallel loop so that the flow through the two loops can be equalized. 

The purpose of the back-draft dampers is to eliminate the possibility of re- 
verse air flow in the collector loop and load loop ducts, The dampers are 
the fabric vane type and are 14"xl4"xl 1/2". The vane material is #1010 
cohrlastic. Dampers are installed in the 14x14" ducts at outlet from 
storage in the collector loop and at the inlet to storage in the load loop. 

Two 115 VAC motorized control dampers are utilized in the system to provide 
on-off air flow control in the collector and load loops. The dampers are 
metallic parallel blade construction. A linkage between a crank on the drive 
motor shaft and a crank on the damper blades provides the necessary force to 
open the damper blades. A helical tension spring attached to the crank of 
the drive motor applies the force necessary to close the damper when the 
drive motor is de-energized. 

The collector loop ducting is mainly 12" diameter round 26 gage galvanized 
steel. The load loop ducting is 14" square, 26 gage galvanized steel. Ir- 
regular shaped transition ducts are utilized at inlet and outlet to items 
such as storage unit, blowers and air to water heat exchanger. These tran- 
sition pieces are fabricated of 26 gage galvanized steel sheet stock. 

All ducting and items in the duct such as the air to water heat exchanger 
and blowers are covered with 3 inches of Upjohn Inc., uthane 190, urethane 
foam to provide insulation with a R value of 20 or better. The insulation 
was bonded to the surface to be insulated with vapor barrier contact adhesive, 
Midwest Chemical Co. Bon-grip 169-24. The outside surface of the insulation 
is painted with polyvinyl chloride mastic weather barrier, WC-1 E2, which is 
manufactured by the Vimasco Corp. , Netro, West Virginia. The paint forms 
a tough water proof surface over the otherwise delicate urethane insulation 
surface. 
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2,4 DOMESTIC HOT WATER SUBSYSTEM 


Figure 2.4-1 is. a schematic diagram of the domestic hot water system. Hot 
water is provided in the solar system by means of (1 ) an air-to-water heat 
exchanger in the air duct at the top of storage and (2) a 52-gallon water 
storage tank to preheat the water supplied to the conventional building hot 
water heater. Water circulates from the heat exchanger to the preheat tank 
by thermosyphon action whenever water in the heat exchanger is heated above 
the water temperature in the preheat tank. The conventional domestic hot 
water heater draws its supply from the preheat tank and auxiliary energy is 
used only if the temperature of preheat tank is below the water heater set 
point. Cold supply water is drawn into the base of the preheat tank when 
domestic hot water is used. Cold water at the base of the preheat tank is 
drawn to the heat exchanger while hot water in the heat exchanger rises to 
the top of the preheat tank through 1" diameter soft copper tubing to main- 
tain the thermosyphon flow. 


A thermal bleeder valve is installed at a low point in the thermosyphon Tine 
close to the heat exchanger to provide positive protection against freeze-ups. 
The valve senses the surrounding water temperature in the water line near the 
heat exchanger and begins to open at temperature below 40°F and is full open at 
34°F. When water is bled from the system, it will be replaced by warmer city 
water to maintain the water temperature in the heat exchanger above freezing 
temperatures. Water drawn by the thermal bleeder valve may raise or lower the 
temperature of water in other parts of the domestic hot water system to tempera- 
tures equal to the supply water temperature which serves to protect other parts 
of the system from freezing. 
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Figure 2.4-1, Hot Water Subsystem Diagram 
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The main components of the domestic hot water system for System 4 are: 

- ; r ' j ■ ■■ ■ . ■ I 

Item Description Qty. 

Heat Exchanger Halstead Mitchell, 1 

SW2-18-18-8 

Preheat Tank W. L. Jackson, 1 

UC05225 

Thermal Bleeder Valve McMaster Carr, 1 

4858 N 16 

DHN Heater 30 gal 4.5 KW 2 

DHW Heaters * 


* Any DHW heater available at the site Is compatible with system. 



2.5 CONTROL SUBSYSTEM 

The control subsystem provides the means to control the collector loop blower, 
the load loop blower and the auxiliary heating unit. The control subsystem 
consists of the following component hardware: 


Item 

Description 

Function 

AT Controller No. 1 

. i .. 

Solar Control Corp. 
Mod, 77-171* 

Closes with a aT > 40°F 
Opens with a aT < 40°F 

AT Controller No. 2 

Solar Control Corp. 
Mod, 77-17.1* 

Closes with a AT > 25°F 
Opens with a AT < 25°F 

Storage Temp High 
Limit Switch 

ASCO Mod 10A/QF11A4 

Opens at 200°F on temp, rise 
Closes at 190°F on temp, fall 

Storage Temp Low 

Limit Switch 

"1 1 

ASCO Mod 10A/QF11A4 

Opens at 95°F on temp rise 
Closes at 90°F on temp, rise 

Preheat Tank High 
Limit Switch 

Grainger 2E051 

Adjusted to open at 150°F 
on temp, rise 

Blower Relays (2) 

Honeywell R8225D 1003 

Coil operates on 24 VAC and 
switch power to the blowers 

Site Dwelling 
Thermostat (2 Stage) 

Honeywell T42H 

Contacts close in sequence 
with temp, rise 

Summer Mode Switch 

Standard wall switch 
(SPST) 

Manually operated 

Transformer (2) 


Converts 120 VAC to 24 VAC 

Pressure Relief Valve , 

Watts Mod 10x6 

Valve opens at 185°F on rise 

Thermal Bleeder Valve 

McMaster Carr 
Mod 4858N16 

Valve starts to open at 38° F 
and is full open at 34°F 


The control components are arranged in two basic circuits as shown in Figure 

2.5- 1. One circuit controls the collector loop blower so that solar energy 
can be collected when available and/or transferred from pebble bed storage 
to water storage on demand. The other circuit controls the load loop blower 

so the heat can be delivered to the site dwelling when heat is required. Table 

2.5- 1 shows the control component states for all possible modes of operation. 


* Note: The controller is modified to eliminate the freeze and boil protection 
features and to energize the control relay with a AT > 40°F and de- 
energize the control relay with a AT <25°F. 
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-Table 2.5-1 System 4 Control Modes with Component States 


Mode 

Mode* 

Cont. 
No. 1 
(Relay) 

Summer 

Mode 

(Switch 

Cont. 
No. 2 
(Relay) 

Stor. Temp 
HI Limit 

Collector 

1 

C 

0 

- 

C 

to 


o 

C 

C 

C 

Storage 

1 

c 

C 

c 

C 

Collector to 
Load 

2 

C 

0 

- 

C 

Collector to 
Load with 
Aux. Heat 
1st Stage 

2 

C 

0 


C 

Collector to 
Load with 
Aux. Heat 
2nd Stage 

_ 

2 

. _ 

c 

0 


C 

Storage to 
Load 

3 

0 


0 

• 

Storage to 
Load with 
Aux. Heat 
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2.5.1 Collector Loop Blower Control 
Collecting Energy 

Solar energy is collected when heat is available in the solar collectors by 
running the collector loop blower. Energy can be collected in inodes 1 and 2 
with control component states as shown in Table 2.5-1. A AT Controller, 
Controller No. 1, senses the temperature difference between the outlet of 
collector and bottom of storage. A control relay within the controller is 
energized when the temperature difference is 40°F or larger. This closes 
the relay contacts which completes the collector blower circuit and energizes 
the collector blower relay. The circuit is deenergized and the blower motor 
power cut-off when any of the following events occur: 

(1) The temperature difference between outlet of collector and bottom 
of storage is less than H5°F. 

(2) -The Storage Temperature High Limit Switch contact opens when the 
bottom of storage is 200°F or higher. 

(3) The Preheat Tank High Limit Switch contact opens because the DHW 
preheat tank is 140°F or higher. 


Transferring Energy 

Energy is transferred from rock bed storage to the domestic hot water preheat 
tank when an excess of solar energy is available. This is accomplished by 
running the collector blower. Since hot air from storages passes through the 
collectors on its way to the air-to-water heat exchanger, energy will be lost 
through the collectors. This mode of operation is therefore not permitted in 
the Spring, Fall and Winter seasons. 

1 /; ; 

Energy can be transferred from storage to the preheat tank in mode 1 when solar 
energy is not available at the collector by running the collector blower with 
control components states as shown in line 2 of Table 2.5-1. 


In the summer mode, a aT Controller, Controller No. 2, senses the temperature 
difference between the bottom of pebble storage and bottom of the preheat tank. 

The control relay within the controller Is energized and deenergized to control 
the collector blower In the same manner Controller No. 1 does. Since the con- 
trol relay In both Controller No. 1 and Controller No. 2 are In parallel In the 
blower control circuit, either controller can activate the collector blower; however 
the control relay In both controllers must be open to deenergize the collector blower. 


2.5.2 Summer Mode Switch 

The summer mode switch controls power to Controller No. 2. When switched to the 
simmer mode position, Controller No. 2 Is capable of controlling the collector 
blower motor. When switched to the alternate position, Controller No. 2 Is dis- 
abled. : ■■■ V ■■ 

2.5.3 Load Loop Blower Control 

Heat Is delivered to the site dwelling whenever the load loop blower Is running 
provided heat Is either being collected or Is available in storage. Heat Is de- 
livered exclusively from storage when the first stage contact of the site thermo- 
stat closes and the Storage Temperature Low Limit Control contact Is open (top 
of rock storage Is above 90°F). When the second stage sites dwelling thermo- 
stat contact closes or the Storage Temperature Low Limit Control contact closes 
(top, of rock storage Is above 95°F) and the first stage contact is closed, 
auxiliary heat will be supplied in addition to any solar heat available from 
storage. 

2.5.4 Boll Protection 

A pressure relief valve Is used as a safety device to limit the pressure and 
temperature of the water In the preheat tank. This valve will open permitting 
water to drain from the preheat tank If the water temperature exceeds 185°F. 
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2.5.5 Freeze Protection 


A freeze protection valve is used to protect the DHW heat exchanger from freez- 
ing if the Remote Solar Assembly is inactive in freezing weather for an extended 
period as if a prolonged power failure is encountered. The valve is thermally 
operated and will begin to open at 40°F and be fully open at 34°F. Water will 
flow through the valve to a drain when the valve opens. Make-up water from 
the water supply system will supply the heat necessary to prevent freeze-up. 

2.6 AUXILIARY ENERGY SUBSYSTEM 

Since the solar system is not sized to provide 100% of the space heat required, 
an auxiliary source of heat is required. The auxiliary heat device is sized to 
carry the site dwelling load independent of the solar capability. 

System 4 design incorporates auxiliary heat in series with solar storage as 
shown in Figure 2.0-1. Auxiliary heat in this configuration could be electric 
strip heat, gas or oil fired furnace. The load loop blower should be capable 
of moving air through the auxiliary device; however, if the pressure drop is 
excessive, another blower in series may be required. The operating tempera- 
ture of this second blower motor in the load loop should be compatible with 
the solar heated air that it will operate in if it is duct mounted. 

If System 4 were used with a heat pump, or if the heating ducts are also to 
be used for air conditioning, the heat pump or air conditioner would have to 
be added in parallel with the solar heating system as shown in Figure 2.6-1 . 

The auxiliary heat in the parallel configuration would operate from the site 
dwelling thermostat second stage contacts. 
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3.0 SYSTEM PERFORMANCE 

The performance .of any heating system is influenced to a large degree by the 
integration of the system with the total building design and construction. 

With solar heating systems, the type of auxiliary heating equipment will also 
effect the overall system performance. In this section, the expected perfor- 
mance for a particular Remote Solar Assembly, part number 7934940-2, when 
> installed at a particular site with its auxiliary heating system is described. 

Then a technique for determining the size of the Remote Solar Assembly to 
obtain the desired system solar heating fraction when used at any site lo- 
cation will be presented. 

3.1 SYSTEM PERFORMANCE AT DEMONSTRATION SITE 

The Remote Solar Assembly which is to be used with the demonstration site 
in Clinton, Mississippi was fabricated with characteristics as follows: 

203 square feet (effective) 

113 cubic feet/5.4 tons 
45 degrees 
0 degrees 
400 cfm 
800 cfm 

The optimum tilt angle for heating systems is the site latitude plus 10 to 
20 degrees; however, tilt variations from the latitude to latitude plus 30 
degrees will have little effect on the cost of energy delivered for heating. 
This suggests that System 4 with the fixed tilt angle can be used effectively 
at site latitudes up to 45 degrees. 


Collector Area 
Pebble Storage 
Collector Tilt 
Collector Azimuth 
Collector Loop Air Flow - 
Load Loop Air Flow 
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Installation of the Remote Solar Assembly can effect the performance of the 
system. The RSA should be oriented due south in a area free of shadows. 
Variations of orientation up to 20 degrees from due south will not signifi- 
cantly effect the overall system performance. Shading of the collectors 
can cause a significant decrease in system performance and should be avoided. 

The System 4 demonstration site in Clinton, Mississippi has a mean daily winter 

2 

solar insolation of 1140 Btu/Ft with heating load characteristics as follows: 

Yearly Heating Degree Days 

Peak Heating Load 

Average Annual Heating Load 

Space Heating 

DHW Heating 

Hot Water Demand 

Water Set Temperature 

Average Yearly Ground 
Water Temperature 

The auxiliary heating equipment available at the site is as follows: 

One (1) 1 5KW Duct Strip Heating Unit 
Two (2) 30 gal DHW Heaters each with 4.5KW heaters 

The performance parameters of this system with the characteristics described 
above is as follows: 

% Space Heating Load Supplied by Solar 
% DHW Load Supplied by Solar 
% Total Load Supplied by Solar 
Maximum Electrical Energy 
Average Annual Auxiliary Energy 
Domestic Hot Water Capacity 
Maximum DHW Recovery Time 
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35 

- 63 

V 48 

- 25.5 KW 

- 30.89 MM Btu 

100 Gal 
1.5 Hr. 


2300 °F day 
30,604 Btu 


30.69 MM Btu 
28.94 MM Btu 
130 gal /day 
140 °F 
67 °F 




DHW Minimum Delivery Rate 
% DHW-.Load from Auxiliary 
Maximum Electrical Power to Drive Solar - 


1.7 gal /min 
37 

650 watts 


Maximum Electrical Power for Total - 25.5 KW 

System 

Maximum Average Annual Electrical - 10,720 KW Hr. 

Energy for Total System 


3.2 SYSTEM SIZING 


The primary system parameters which determine the overall performance of 
System 4 design at any given site are the collector area and pebble bed size. 
A simplified procedure has been developed for determining the collector area 
required to obtain the desired solar energy contribution necessary to meet 
the total heating and hot water load. In this section, the development of 
the simplified sizing procedure is described and then two example cases are 
presented to illustrate its application. Sizing of pebble bed storage, 
blowers, heat exchanger and domestic hot water tank is also discussed. 

3.2.1 Description of Collector Sizing Technique 

A curve of % solar contribution vs. the ratio Solar Incidence/Load was 
generated by using the F-Chart analysis. Site UA values of 300 and 900 
Btu/Hr. °F and collector areas of 135 and 339 square feet were used to 
determine the % solar fraction that can be obtain from the four combi 
nations of these parameters for the following cities: 
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Latitude 


City 


Birmingham, Alabama 

33.34 

Boston, Massachusetts 

42.22 

Forth Worth, Texas 

32.50 

Jackson, Mississippi 

32. 19' 

Mpls. St. Paul, Minn. 

44.53' 

Nashville, Tennessee 

36.07 

New York City, NY 

40.46' 

Omaha, Nebraska 

41.22' 

Washington, DC 

38.51' 


The curve obtained from this data is shown in Figure 3. 2. 1-1. 


(his curve can be used to either predict solar contribution for a particular 
system or calculate the area of the collector array necessary to obtain the 
desired performance. To obtain % solar contribution, the ratio Solar Incidence/ 
Load (R) must be calculated and then the system performance {% Solar) can be 
read directly from the curve. To obtain the area of collector array required 
for the desired system performance (% Solar), the R value must be obtained 
from Figure 3. 2.1-1; the total annual load calculated; the solar incidence/ft L 
calculated and the following equation should be used: 


R Total Annual Load 9 
x Solar Incidence/ft^ 


where 

A = effective area of collector array 
R - ratio annual solar incidence/total annual load obtained 
from Figure 3. 2. 1-1. 


k 
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illtntnui: 




Birmingham, AL 
■ TL Boston, MA 
M Fort Worth, TX 
r.\ Jackson, MS 
■flj Mpls, St Paul, MN 
Nashville, TN 
r? New York, NY 
ilU Omaha, NB 
Washington, DC 


Figure 3.2.1 -1, System Sizing Curve (% Solar vs Incidence So tar /Load) 



This technique is intended for rough system performance estimates and system 
sizing. When determining a system size, the economics of system costs vs. 
yearly savings should be evaluated; however, this is beyond the scope of this 
exercise. The inaccuracies of this technique are not considered a serious 
problem because small variations from the optimum system size have little 
effect on the system economics. When economics of the system is considered 
critical in the sizing of the system, the use of the FCHART method as described 
in reference 4 is recommended. 

Example 1 


Let us assume that one desires to determine the % Solar contribution that can 
be obtained from a system with 203 square feet of collector area when used with 
a dwelling with a UA value of 556 (given by dwelling architect) located in 
Nashville, Tennessee. The average daily domestic hot water consumption is 
estimated to be 75 gallons per day, and the DHW heater temperature control 
will be set at 140°F. 

The system space heating load can be calculated by multiplying the UA value 
times the local degree day value. Degree day value is found in reference 1 
to be 3696. 

Space Heating Load = 556 x 3696 = 49.3 MM Btu 

The system DHW load can be calculated from the daily water consumption rate, 
the ground water temperature, and the DHW heat set point temperature. The 
average annual ground water temperature is required. This temperature Is 
close to the average annual air temperature which is available from reference 3 
The annual DHW load can be calculated as follows: 


{■ 


LoadpHw " Yearly DHW Consumption 


1 [Specific Heat! JjAvg . Annual Temp 1 
C#/Yr)Jx^ of Water Jx ^[Deliverable WaterJ * 


Avg Annual Temp 
Water Main 


]) 


Load DHW " [ 75 Gal /Day x 365 Days/Yr x 8.34 #/GalJx[l Btu/#°F] x [l40°F - 59.4 °f] 


Load DHW " 18 - 40 MM Btu/Yr 


The total annual heating load is found by adding the Space Heating Load and 
DHW load together. 

Total Heating Load = Space Heating Load + DHW Load 
Total Heating Load = 49.3 + 18.4 = 67.7 MM BTU/Yr. 

The average annual incidence radiation can be calculated by first obtaining 
the monthly average daily total radiation on the horizontal surface, T H and 
monthly K t value from Table A-4 in reference 2. Knowing the collector tilt 
(0 = 45 degrees), the latitude of the site (0 = 36 degrees), and the monthly 
K t values; monthly R values can be obtained from Table A-5 of reference 2. 
Monthly average dally radiation on the tilted collector array, Iy, is calcu- 
lated by multiplying I H values by R values. Columns i-iv of Table 3. 2. 1-1 
were generated in this manner. To obtain the total average insolation per 
month, the monthly average daily radiation on the tilted collector array (Iy) 
values are multiplied by the number of days in each month to obtain the total 
average insolation per month (S). Columns V and VI were generated in this 
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Table 3. 2. 1-1 Incident Solar Radiation 




I 

II 

III 

IV 

V 

VI 

Month 


I H (Btu/Day Ft 2 ) 


R 

I T (Btu/Day Ft 2 ) 

N Days /Mo 

S Btu/Mo. Ft 2 

Jan 


589.7 

0.373 

1.48 

>872.8 

31 

27,055 

Feb 


907.0 

0.440 

1.37 

1242.6 

28 

34,793 

Mar 


1246.8 

0.472 

1.16 

1446.3 

31 

44,835 

Apr 


1662.3 

0.514 

0.95 

1578.2 

30 

47,376 

May 


1997.0 

0.556 

0.82 

1637.5 

31 

50,764 

Jun 


2149.4 

0.573 

0.76 

1633.5 

30 

49 ,006 

Jul 


2079.7 

0.565 

0.79 

1643.0 

. 31 

50,932 

Aug 


1862.7 

0.554 

0.89 

1657.8 

31 

51 ,392 

Sep 


1600.7 

0.556 

1.08 

1728.8 

30 ' 

51 ,863 

Oct 


1223.6 

0.540 

1.34 

1639.7 

31 

50,828 

Nov 


823.2 

0.454 

1.47 

1210.1 

30 

36,303 

Dec 


614.4 

0.426 

1.59 

976.9 

31 

30,284 


Dec 

2S 

Jan 

= Total Annual 

Insolation/Ft 

2 of Collector = 


525,431 



manner. Finally to obtain the total average insolation per year, the monthly 

values of S are added. For the example problem, this value is 525,431 
2 

BTU/Ft year. The total insolation per year that is available on the col- 
lector array is the insolation value per square foot times the effective 
collector area. 

Annual Solar Incidence = 525,431 BTU/Ft 2 Yr x 203 Ft 2 

Annual Solar Incidence = 106.67 MM Btu/Yr. 

The ratio. Annual Solar Incidence/Total Annual Heating Load, is therefore 
106.7/67.7 = 1.6 

Using the curve of Figure 3. 2. 1-1 gives a 38% Solar contribution. 

3.2.2 Collector Array Sizing 

The technique described in Section 3.2.1 will now be used to determine the 
size of the Remote Solar Assemly required for a particular application. 

Example 2 

Let us assume one desires to determine the required collector array area that 
is necessary to provide 50% solar contribution to the total annual heating 
load. The site dwelling has a' UA = 556 (given by dwelling architect) and is 
located in Nashville, Tennessee. The average daily domestic hot water con- 
sumption is estimated to be 75 gallons per day and the DHW heater tempera- 
ture control will be set at 140°F. 


To obtain the area of the collector, we solve for A In the equation. 

Total Annual Load 


A = 


R x Incidence/Ft 2 


Using the curve of Figure 3. 2. 1-1 with 50% Solar, we find R to be 2.25. 


Since the UA value, site geographical location, DHW consumption and DHW heater 
set point are all Identical to Example 1, the total annual heating load will be 
the same (67.7 MM BTU/Yr.); and therefore. It will not be recalculated here. 


Since the site location , collection tilt (always 45° for the Remote Solar Assembly) 
are Identical to Example I, the total annual Installation per square foot of col- 
lector can be taken from Table 3.2. 1-1 (525,431 BT,U/Ft 2 Yr. or .525 MM BTU/Ft 2 Yr). 
The total annual Insolation will therefore not be recalculated here. 


Solving the equation above gives: 


A = 2.25 


JLL = 290 Ft 2 


.525 


The collector array sizes for the modular designed Remote Solar Assembly are 
varied In 68 square foot increments (4 collectors) starting with the smallest 
unit 135 square feet (8 collectors). Possible array sizes are therefore 
135, 203, 271 and 339 square feet. Since the closest collector array sizes 
for the modular designed Remote Solar Assembly are 271 and 339 square feet, 
one must decide whether a solar fraction slight larger or smaller than the 50% 
value Is acceptable. Using the above equation and solving for the annual solar 
Incidence/ total annual load ratios for 271 square foot and 339 square foot col- 
lector array gives: 
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= 2.1 


2 525,431 BTU/Ft 2 Yr x 271 Ft 2 

(271 Ft Collector Array) 67.7 MM BTU/Yr 


2 525,431 BTU/Ft 2 Yr x 339 Ft 2 _ ? g 

(339 Ft Collector Array) 67<7 MM BTU / Yr 


Using the curve of Figure 3. 2. 1-1 to find the % solar for the 271 square feet 
and 339 square foot collector array gives: 

271 Ft 2 collector array - 48% 

339 Ft 2 collector array - 56% 

. ♦ 

3.2.3 Pebble Bed Storage Sizing 

The Remote Solar assembly modular design is based on maintaining a storage 
capacity of slightly higher than 10 BTU/°F Ft 2 . Storage size therefore 

varies with collector array size as follows: 


Collector Area 

Storage Capacity 
Volume Mass 

135 

75 Ft 3 

3.6 Ton 

203 

112.5 Ft 3 

5.4 Ton 

271 

150.0 

7.2 Ton 

339 

187.5 

9.0 Ton 


3.2.4 Blower Sizing 

The collector loop and load loop blowers are identical blowers that are 
capable of delivering varying amounts of air flow. A performance curve for 
the blower is contained in Figure 3. 2.4-1. Amount of air flow can be varied 
by adjusting the speed of the blower. This is accomplished by adjusting the 
split sheave on the blower motor to vary the pulley ratio between motor pulley 
and blower pulley. 

The collector loop air flow should be adjusted to maintain a flow equal to 
2 cfm per square foot of effective collector area. 


The load loop air flow should be adjusted to maintain a flow which produces ap- 
proximately six (6) air change per hour to the load volume. 

The blower is considered adequate for any Remote Solar Assembly size; however, 
the blower motor and pulleys may have to be changed to obtain the desired 
blower speed. Blower motor power may exceed the 1/4 and 1/2 horsepower rating 
of the collector loop and load loop motors. A higher horsepower rating should 
be selected In the same frame size If a higher horsepower rating Is required. 

3.2.5 Heat Exchanger Sizing - The heat exchanger described In Section 2.4 is 
adequate for all Remote Solar Assembly variations. 
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3.3 PERFORMANCE SUMMARY 


The system with the Remote Solar Assembly is designed to operate in any 
region with a latitude less than 45 degrees:. In regions with high heating 
loads, 6500 degree days or higher, the system becomes excessively large. 

A Remote Solar Assemlby with an effective collector array size of 339 square 
feet is 30 feet long. Systems larger than this are considered too large to 
be compatible with the small single family dwelling applicaton. 
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4.0 SYSTEM OPERATION AND MAINTENANCE 


4.1 OPERATING DESCRIPTION 

System. No. 4 is an air-operated solar space and domestic hot-water heating 
system. The system operates in any one of three modes of operation as shown 
in Figure 2.0-2. The operation of the system is described for each of these 
three modes as follows: 

Mode I - Collector to Storage 
Normal Mode 

The system operates in this mode when solar heat is available in the solar 
collector, but is not demanded by the heating load. Operation begins when 
air at the collector air outlet is heated by the Sun's radiation to a 
temperature which is 40°F or higher than the temperature at the bottom of 
storage. The relay in Controller No. 1 closes as shown in Figure 2.5-1, 
completes the collector blower control circuit and therefore picks the 
blower relay which applies power to the collector blower. Operation is 
terminated if the air temperature difference between outlet from collec- 
tor and bottom of storage decreases to 25°F or less. Also, if either 
rock storage or preheat tank temperatures exceed 200 or 140°F respectively, 
the collector loop blower circuit will not be completed and the blower and 
control damper will not operate. 

Summer Mode 

A summer mode switch as shown in Figure 2.5-1 introduces a second contro- 
ler, Controller No. 2, into the collector blower control circuit. This 
controller is identical to Controller No. 1. The relay within this con- 
troller is installed electrically in parallel with the relay in Controller 
No. 1. The relay closes when the air temperature at bottom of storage 
is 40°F or higher than the water temperature at the bottom of the preheat 
tank. Operation of the collector blower can be initiated by either con- 
troller. Operation is terminated when the control temperature difference 
for both controllers is 25°F or less. Rock storage or preheat tank tempera 
tures also can terminate collector blower operation in the same manner 
described for the Normal Mode above. 

Operation of the collector loop blower as described for this mode "collector to 

storage" is independent of any other mode. 
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Mode II - Collector to Load 

The system operates in this mode when solar heat is available at the 
collectors and heat is demanded by the heating load. Operation in 
this mode requires that heat be available from the collectors as 
described for Mode I and also that heat be required by the load. The 
collector loop blower and control dampers are operated in the same 
manner as described for Mode I. The load loop blower and control dam- 
per must also be initiated in this mode. This is accomplished by the 
first stage contacts of the site dwelling thermostat which will close 
when heat is required. 

The air flow in the collector and load loops is 400 and 800 cfm respec- 
tively. In this mode, since only 400 cfm is available from the col- 
lectors, the balance of the air, 400 cfm, is drawn through storage. 

Auxiliary heat can be supplied in this mode if either the storage tempe- 
rature low limit control contact closes or the site dwelling thermostat 
second stage contacts closes. The latter condition occurs when heat 
supplied from solar is insufficient to meet the thermal load. 

Mode III - Storage to Load 

. . . ■■ "i . ! i ■ . .. ' . • ' ■■ 

The system operates in this mode when heat is not available at the col- 
lectors but heat is demanded by the heating load. It does not matter 
whether or not heat is available in storage because air to the load 
always passes through storage. When the storage temperature drops 
below 90°F, auxiliary heat is called for by the site dwelling thermostat 
first stage contacts, while air continues to pass through storage allowing 
storage to be depleted of heat. 
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4.2 MAINTENANCE 


System 4 shall be Inspected quarterly and routine maintenance performed at 
that time. Larger maintenance tasks such as repairing rain water leaks into 
the collectors, replacing a back draft damper or replacing the thermal bleeder 
valve, shall be scheduled for the earliest possible completion. 

4.2.1 System Control 

If the system fails to operate the schematic, Figure 2.5-1, shall be used 
to troubleshoot the control circuits. Each control element in the collector 
and load blower control loops can be opened or jumpered as necessary to lo- 
cate the malfuntion. 

Performance of Controllers No. 1 and 2 shall be evaluated with a spare set of 
temperature sensors. The 40°F "on" and 25°F "off" control temperature dif- 
ferences shall be evaluated with controlled environments. Faulty controllers 
shall be returned to the manufacturer for repair. 

4.2.2 Blowers 

Blower "V" belts shall be inspected for proper tension and excessive wear. A 
belt has proper tension when a force of approximately ten pounds applied to the 
mid span of the belt in the direction of the apex of the "V" produces a 
1/2 inch deflection. Tension adjustments can be made by adjusting motor 
swivel base to shorten or lengthen the pulley to pulley spacing. Excessive 
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wear on the belts can be detected by highly glazed surface and deep cracks 
in the inside of the belt. Tension adjustments and belt replacements shall 
be made as required. The belts for the collector and load blowers are 
4L360 and 4L440 respectively. 

Blower motor bearings shall be lubricated with 30 weight non detergent lu- 
bricating oil by applying several drops of oil in each of the two oil cups 
on both of the two blower motors at each inspection. 

The blower wheel bearings are sealed ball bearings lubricated for the life 
of the bearing; therefore, no maintenance is required. The blower is nor- 
mally extremely quiet. If during servicing a growlling or squealing noise 
is heard, the insulation and ducting should be removed and the bearings in- 
spected. 

Replace both bearing if either is faulty or if in doubt. Use Lau replacement 
bearings part no. 38-2588-01 (a pair of bearings) or equivalent. 

Blower speeds are initially set to obtain 400 cfm in the collector loop and 
800 cfm in the load loop. Adjustment in blower speed can be made by adjusting 
the variable pitch sheaves on the motor shafts. Air flow in the collector 
loop should be maintained at 400 cfm. Air flow in the load loop may be changed 
to meet installation requirements. A minimum speed variation is available with 
the existing split sheave on the motor. Other pulleys can be used to make 
blower speed adjustments. When adjusting blower speed, the current drawn by 
the motor should be monitored and the rated current of the motor should not be 
exceeded. A higher horsepower motor in the same frame size could be used if 
necessary. 


4.2.3 Dampers 


The two back pressure dampers and two control dampers contained in the 
Remote Solar Assembly shall be visually inspected by removing the access 
plugs in the duct insulation and viewing the dampers by shining light 
through the transparent lexan port covers. 

Back Pressure Dampers 

Any deterioration in the back pressure damper fabric blades shall be corrected 
by replacing the blade or the whole damper assembly. Replace with identical 
hardware (see design description drawing 7934983). 

Control Dampers 

Damper blades shall open fully so that the blades are parallel with the air 
flow. When closed, the damper blade seals shall fit tight. Improper opening 
and closing of the control dampers shall be corrected by adjusting the 
linkages between motor crank and damper crank and/or by adjusting spring 
tension. See illustration showing linkage installation in the appendix. 

When blade edge and side seals show sufficient wear to cause leaks, the 
seals or complete damper shall be replaced. See the sheets in the appendix 
which describe this item. 

4.2.4 Water Leaks 

Collector Array 

The collector array shall be inspected for water leakage. Leakage may be into 
the Remote Solar Assembly or into the collectors. Leakage between collectors can 
be detected by observing the insulation on the back side of the collectors for 
wet spots and/or water stains. Water leakage into the collectors can be detected 
by visible water condensation on the inside surface of either the first or second 

glazing. Either of these two types of leaks shall be repaired by removing cap 

strips, cleaning hardware and reassembling cap strips per drawing 7934940. Col- 
lector glazings, cap strips and rubber seals shall be cleaned with a cloth using 

detergent and water. 



Plumblru 


All DHW plumbing shall be inspected for leaks. Leakage can be detected by 
wet spots or water marks on the floor of the Remote Solar Assembly and/or 
in the plumbing insulation. The source of any leakage shall be localized 
and repairs made. 

Drain pipes shall be inspected for valve leaks. Washers shall be replaced 
where necessary in leaky shut-off valves. A leaky thermal bleeder valve 
should be checked for debris that may prevent valve from seating properly. 
The valve seat should be cleaned of debris, the valve seat repaired to elimi 
nate erosion grooves or the valve should be replaced. 


4.2.5 Maintenance Personnel 

Maintenance and repair work shall be performed by qualified personnel. The 
skills required to service the system are listed below. 


Task Personnel 

Repair plumbing leaks 
Repair or replace dampers 
Inspect and service blowers 
Troubleshoot system failure 

Most heating and ventilating firms would have the necessary skilled personnel 
to service the system. 


Plumber 

Tin-Smith 

Heating and Ventilating Technician 
Heating and Ventilating Technician 



5.0 INSTALLATION 


5.1 COLLECTOR SUBSYSTEM INSTALLATION 

For optimum results, the collector array should be installed facing south. 
Variations up to 30° toward east or west, however, would decrease system 
performance by only 2 %. * The tilt angle for System 4 is fixed at 45° when the 
base of the Remote Solar Assembly is leveled. The array must be installed 
in an area free of shadows from trees or other objects. 

Installation of collectors on the System 4 Remote Solar Assembly is similar 
to the installation shown in Figure 5.1-1 except that the collectors are 
assembled over 2 inch thick rigid isocyanurate foam insulation, Upjohn CPR9545, 
and secured to the aluminum rafters as shown in IBM drawing 7934940. 

Manifolding of air between collectors is accomplished through gasketed ports 
between collectors. Unused ports are sealed off by capping plates. The in- 
let and outlet air openings in the collectors to fastened ducting are sized 
for the air duct leading to and from the collector array. Attachment of 
ducting to the collectors is accomplished as shown in Figure 5.1-2. 

5.2 STORAGE SUBSYSTEM INSTALLATION 

The following hardware is installed in the Remote Solar Assembly in accord- 
ance with assembly drawing 7934940 to generate the pebble bed storage sub- 
system for System 4. 





Figure 5.1-2, Duct to Collector Installation 




Part Number 


Item 

or Description 

Qtv. 

Side Panel 

7934936 

6 

Top End Panel 

7934937 

2 

Top Center Panel 

7934939 

1 

End Panel 

7934938 

2 

Plate 

7934981 

8 

Angle 

7934982 

2 

Grating Assembly 

7934976 

3 

Base Insulation 

7934948 

3 

Steel Band 

.02 "thick x 5/8" wide 

AR 

Self taping screws 

10-24 1/2" long 

92 

Silicone Rubber Sealant 

RTV 77 

AR 

Silicone Rubber Sealant 

RTV 3110 

AR 

Pebbles 

3/4 to 1 1/2 diameter (1) 

AR (approx. 



5 1/2 ti 

Air Deflector 

Perforated sheet (2) 

1 

Six side panels, 7934936, are 

first assembled into the Remote 

Solar Assembly 

structure using eight plates, 

7934981, and screws, to fastened 

1 the panels at 

the top to vertical "1" beams 

within the structure, 7934975. 

The panels are 


fastened at the bottom to structural channels at the base of the RSA structure 
with screws. End panels, 7934937, are then assembled using plates, 7934981, and 


screws to fastened the panels at the top to "I" beams within the structure. 
The panels are fastened at the bottom to an angle, 7934982, which Is fastened 
to the base of the RSA structure. 


(1) Rounded pebbles washed clean 

(2) Sheet size 24" x 24" x (.03" to .060" thick) 

.25 to .38 diameter holes in sheet, 20 to 30% open 
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After side and end panels are installed, three insulation batts, 793448, are 
laid over the base plate of the structure in the area enclosed by the panels 
and three grating assemblies are installed. The mounting feet of the grating 
assemblies must rest on the base plate of the structure, so the insulation 
batts must be cut to fit around the mounting feet. 

Three steel bands 0.020 "thick by 5/8" wide are installed around the side and 
end panels and stretched to obtain 600 pounds tension in each band. 

The center top panel is next installed using plate, 7934981 to fasten the top 
panel to the side panels and the "I" beams within the structure, 7934975. Sill 
cone rubber sealant RTV77 is applied to the joint between the top panel and 
side panel to maintain an air tight seal. The end top panels are next in- 
stalled using plates 7934981 to fasten the end top panels to the side panels, 
end panels, center top panel and the vertical "I" beams within the structure. 
Silicone rubber sealant, RTV 3110, is applied to all sealing edges of the 
panels to form and air tight seal between panels. The adhesive properties 
of the RTV 3110 are such that the end panels can be removed for access for 
filling and removing pebbles. Any RTV 3110 that remains on the surface of 
the panels can be easily peeled off by hand. 

The air deflector plate is placed on the top surface of the pebble bed and 
centered under the top center air opening before the last top cover is in- 
stalled. 

5.3 ENERGY TRANSPORT SUBSYSTEM INSTALLATION 

The energy transport system is installed within the Remote Solar Assembly 
except for the ducting in the load loop between the RSA inlet and outlet 
ducts and the site dwelling heating system ducts. 

The two blowers are installed by attaching them to the structural "I" beams 
within the RSA by using 2.0" x 2.0" x .12" aluminum angle and .25" aluminum 
plate as shown in Remote Solar Assembly drawing 7934940. 
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Ducting Is installed between items such as collectors, storage, blowers 
and heat exchanger using sheet metal screws. Ducting is supported by over- 
head structure in the RSA using metal straps or by the flooring in the RSA 
using structural angle fastened t,o the ducting to serve as supports. All 
joints in the ducting are sealed with RTV 140 sealant. 

Control dampers are mounted in the 14" square duct using sheet metal screws. 

RTV 140 sealant is used to seal between the damper frame and duct. The 
control motor mounts external to the duct on a bracket fastened to the duct. 
Linkages between the damper and control motor are installed as shown in the 
appendix. 

The back draft dampers are installed in horizontal runs of the 14" square 
duct using sheet metal screws. RTV 140 sealant is used to seal between 
the damper frame and duct. 

The balancing dampers are installed in the 12" diameter round ducts using 
sheet metal screws. RTV 140 sealant is used to seal between the damper 
frame and duct. 

5.4 DOMESTIC HOT WATER SUBSYSTEM INSTALLATION 

The preheat tank air to water heat exchanger thermal bleeder valve, inter- 
connecting piping, drain piping, and shut-off valves are installed in the 
Remote Solar Assembly in accordance with assembly drawing 7934940. The 
domestic hot water heater is considered part of the existing site plumbing. 

It is connected to the preheat tank with 1/2" CPVC piping so that it draws its 
supply water from the preheat tank. A bypass valve is installed around the 
domestic hot water heater so that supply water can be directed to the heater if 
the preheat tank is disabled. The System 4 domestic hot water system overall 
plumbing Installation configuration is shown in System 4 Design Description 
drawing 7934983. All piping in the RSA and between the RSA and the site 
temperature controlled area is insulated with 3 inches of urethane foam to 
obtain a R-20 or better. 
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One mounting surface of the air to water heat exchanger is fastened to the 
center top thermal storage cover panel with self tapping screws. The other 
mounting surface of the heat exchanger is fastened to a sheet metal duct 
adapter with sheet metal screws. 

The preheat tank is installed on a shelf in the RSA several feet above the 
heat exchanger. The base of the preheat tank is bolted to the shelf, A 
3 1/2 inch thick blanket of fiber glass insulation is wrapped around the 
preheat tank to add additional insulation. 

The thermal bleeder valve is installed in the one inch copper line between 
the preheat tank and the heat exchanger. Pipe unions are installed in the 
lines at the heat exchanger and preheat tank to facilitate removal. 

5.5 CONTROL SUBSYSTEM INSTALLATION 

The control subsystem is installed within the Remote Solar Assembly except for 
the Site Dwelling Thermostat and the Override Switch. Each of the control sub- 
system components are physically installed as described below and wired as shown 
in drawing 7934983. 

5.5.1 aT Controllers 

The two aT controllers are mounted on the back side of power control panel 
which is immediately inside the entry door. 

Controller No. 1 - One sensor is mounted on the back side of the air duct in the 
top collector which is located fourth from the west wall. An opening is pro- 
vided in the air duct attached to this collector for access to the sensor. In- 
sulation must first be removed from the duct and then a cover panel removed to 
gain access. The lead wires from this sensor are attached to terminals 4 and 5 
on the outside of the controller. The other sensor is inserted into the storage 
high temperature limit switch probe tube which is located as described below. 
Lead wires from this sensor are attached to terminals 5 and 6 on the outside of 
the controller. 
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Controller No. 2 - One sensor is mounted in the thermosyphoning return line 
by drilling a 3/16 inch hole in copper tubing inserting a neoprene rubber M 0" 
ring over the forward portion of the sensor, inserting the sensor into the 
tubing and clamping the sensor to compress the "0" ring with a radiator hose 
clamp. The lead wires from the sensor are attached to terminals 5 and 6 on 
the outside of the controller. The other sensor is inserted into the storage 
high temperature limit switch probe tube in the same location as one of the 
sensors for Controller No. 1. The lead wires from the sensor are attached to 
terminals 4 and 5. 

5.5.2 Storage Temperature High Limit Switch 

The Storage Temperature High Limit Switch is mounted by means of a bracket to 
a stud within the Remote Solar Assembly near rock storage. The sensing element 
of the switch is a thermal bulb with 6 feet of capillary tubing between the 
bulb and body of the switch. The bulb is inserted into rock bed storage at a 
point which is 4 inches up from the bottom level of pebbles near the center 
of the bed. A 1/2 inch diameter hard-copper tube with small holes near the end 
of the tube to facilitate air flow is installed in the rock bed when the bed 
is being filled with pebbles. This tube facilitates insertion and removal of 
the sensing bulb into and from the rock bed after the bed has been filled with 
pebbles. View K-K and detail P of drawing 7934940 show the Storage Temperature 
High Limit switch installation. 

5.5.3 Storage Temperature Low Limit Switch 

The Storage Temperature Low Limit Switch installation is identical to the 
Storage Temperature High Limit Switch above except that the sensing bulb is 
located at a point 4 inches down from the top level of pebbles. 

5.5.4 Preheat Tank Hi Limit Switch 

The Preheat Tank High Limit Switch is installed on the Preheat Tank in the 
location of the upper heating element control thermostat. Both heating ele- 
ments and the lower control thermostat are removed from the preheat tank 
which was purchased as a DHW heater. 
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5.5.5 Blower Relays 


The blower relays are mounted on standard electrical outlet boxes. The boxes 
are mounted to studs in the Remote Solar Assembly in close proximity to the 
blowers. One hundred fifteen volt (115V) AC service to the outlet box is 
routed in rigid conduit from the circuit breaker box. Wiring from the relay/ 
outlet box to the blower is routed in flexible metal conduit. 

5.5.6 Transformers 

One of the two control voltage transformers is mounted in the Remote Solar 
Assembly. The other transformer is considered part of the existing site 
heating control system. It will therefore be located within the site 
dwelling. 

5.5.7 Site Dwelling Thermostat 

The Site Dwelling Thermostat is considered part of the existing site heating 
control system. It will therefore be located within the site dwelling. 

5.5.8 Pressure Relief Valve 

The Pressure Relief Valve mounts in the upper side of the Preheat tank in 
the opening provided in the tank for the pressure relief valve if the tank 
were used as a domestic hot water heater. 

5.5.9 Thermal Bleeder Valve 

The Thermal Bleeder Valve is installed in the cold water side of the heat 
exchanger. The valve is installed with a Tee in the one-inch diameter 
copper tube line. A 3/4 inch diameter PVC tubing is attached to the drain 
port of the valve to carry away drain water. 

5.5.10 Summer Mode Switch 

The Summer Mode switch is physically installed on Controller No. 2 which 
is located on the back side of the power control panel immediately inside 
the entry door. 51 


5.6 AUXILIARY HEATING SUBSYSTEM 

The auxiliary heating subsystem shall be installed in the site dwelling in accor- 
dance with local codes. Figure 2.0-1 shows the preferred location of the auxiliary 
heating subsystems. In this configuration, the auxiliary heat subsystem is in- 
stalled in series with the solar subsystem. It is expected that the solar load 
blower is adequate to provide the air flow desired in the load loop. The blower 
in the auxiliary heating system shall therefore be removed. If however the 
pressure drops through the load is excessive, the auxiliary heating system blower 
shall be operated in series with the solar load loop blower. In the later case, 
an additional relay shall be added in the load loop control circuit. The coil of 
this relay shall be wired in parallel with the existing load loop blower relay. 

The operating temperature capability of the auxiliary heating system blower shall 
be compatible with the solar heated air environment or be replaced with one that 
is. 

If the system were used with a heat pump or if the heating ducts are also to be 
used for air conditioning, the heat pump or air conditioning, the heat pump or 
air conditioner would have to be added in parallel with the solar heating system 
as shown in Figure 2.6-1. A control damper and back draft damper identical to 
those described in section 2.2 are required to separate the solar system from 
the auxiliary heating system. The control damper and auxiliary heat would be 
controlled by the site thermostat second stage contacts and by the air condi- 
tioner contacts. 

5.7 REMOTE SOLAR ASSEMBLY INSTALLATION 
5.7. 1 RSA Module 

The Remote Solar Assembly module shall be installed on the concrete pad described 
In Design Description Drawing 7934983. The requirements for transporting and 
lowering the RSA to the pad are also described in 7934983. 
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The RSA shall be anchored at gusset plates located inside at the four corners 
of the base frame. One half inch diameter machine bolt anchors shall be 
centered on the holes in the gusset plates and installed 2 inches deep in the 
concrete pad. Large washers shall be used when installing the bolts to com- 
pensate for the oversized clearance holes in the gusset plates. 

5.7.2 Rock Storage Filling 

The top west-side storage panel, 7934937, shall be removed. Washed pebbles 
0.75 to 1.5 inch diameter shall be installed over the top of the grating to a 
level 6 inches from the top inside surface of the storage bin. The site in- 
strumentation temperature measurement tubes for T200, T201 and T202 and the stor 
age high and low temperature limit switch probe tubes shall be inserted as shown 
in drawing 7934940 while storage is filled. The air baffle plate, described 
in drawing 7934940 shall be placed over the top layer of stones and the top 
panel shall be reinstalled. RTV 3110 shall be applied to mating surfaces of 
the cover to obtain an air tight seal. Machine screws, 10-24 x 1/2 long round 
head, shall be used to hold the cover in place. 

5.7.3 RSA Electrical Ground 

The Remote Solar Assembly main structure shall be grounded to earth with an 
8 foot long by 0.50 inch diameter grounding rod with a number 2 AWG bare copper 
wire installed from rod to structure. Use Graybar GR128 rod, with ABS 12 
safety rod clamp or equivalent. 

5.7.4 RSA to Site Dwelling Interconnections 
5.7.4. 1 Water Connections 

Cold water supply, hot water return and pressure drain lines shall be installed 
between the RSA and attach points within the site dwelling as follows: 
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Cold water supply - 3/4 inch PVC tubing 
Preheat hot water return - 1/2 inch CPVC tubing 
Pressure drain - 3/4 PVC tubing 

All lines shall be insulated R-20 or better. Insulation shall be covered with 
a weatherproof cover. Lines shall be physically supported to insure excessive 
stresses are not developed. Drain valves shall be installed at low points in 
the lines to facilitate draining. 

5. 7.4. 2 Air Ducts 

Supply air and return air ducts shall be 14 x 14 inches or have equivalent 
flow characteristics. Ducts shall be insulated R-20 or better. The insula- 
tion shall be covered with a weatherproof cover. Duct joints shall be sealed 
to eliminate all potential leakage. Ducts shall be physically supported to 
Insure that excessive stresses are not developed. 

5.7.4. 3 Air Filters 

One inch thick dust - stop replaceable filters shall be installed in the re- 
placeable filters shall be installed In the return air registers. 

5. 7. 4. 3 Electrical Power Service 

A 100 amp electrical service line shall be installed to the RSA. The service 
line shall be connected to the master control switch on the power control 
panel. The electrical service installation shall meet local codes and UL 
requirements. 
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6.0 REMOTE SOLAR ASSEMBLY TRANSPORTABILITY REQUIREMENTS 


The following transportability requirements apply to the Remote Solar Assembly, 
7934940, hereafter referred to as the RSA. 

6.1 PREPARATION FOR SHIPMENT 

Before lifting the Remote Solar Assembly for trailer loading operations, the 
following shall be performed: 

1) Remove the west cover panel from the pebble storage enclosure, 
remove pebbles and reinstall cover panel. The sealant should 
not be applied to the panel when reinstalled. 

2) Drain the preheat tank. 

3) If the Remote Solar Assembly is to be shipped during freezing 
weather, blow all water from preheat tank, heat exchanger, 
valves and pipes. 

4) Secure the preheat tank for shipment. 

5) Remote SDAS and ship separately. 

6.2 LIFTING AND LOWERING REQUIREMENTS 

When lifting or lowering the RSA from or to Its mounting pad-, the following 
requirements apply: 

1) The RSA shall be lifted by applying forces to the base frame 
at six points. 


. 

• 

. . 


~ 1 

1 

1 

.. 

• 

The lifting points shall be the two outside and middle lifting 
sockets at the north and south side of the RSA as shown In 
Figure 6:2-1 . 


3) 

■ 

When lifting or lowering the RSA, all lifting points shall be 
moved together such that all points remain in a plane within 
1/4 inch. 


4) 

• . . 

. • ■ . • • ■ • . • - 

' . ■ V . 

... . . 

Outrigger bars may be inserted into the lifting sockets to obtain 
jack clearance as necessary to facilitate lifting. The lift points 
on the outriggers shall be as close to the RSA frame as possible 
to minimize torsional loading on the base. 

- 

5) 

The RSA shall be lowered either to beams on the transporter as 
described below or a concrete slab as described in Design 
Description Drawing 7934983. 


, .. ...... . . ... 

6.3 TRANSPORTER REQUIREMENTS 


When moving the RSA by transporter, the following requirements apply: 


- .... _■ 

1) 

A low-boy semi-trailer shall be used to minimize overhead 
clearance problems. 


2) 

The base of the RSA shall be supported by four (4) 6" X 6" 
wood beams running crosswise on the trailer. The mounting 

- 

; . ....• • ••• •• . ' ; ;• 

surfaces of all the beams shall be in a plane within 1/4 of an 
inch. 

* 

3 ) : 

.7 ■ • . 

■; • ... ;. . . _ 

The RSA shall be securely tied to the trailer frame at each 
of the 6 lift sockets described above. 


■■■ 

• - . ' ' . 

... . ■ " . . • ■ 

The transporter maximum speed shall be 1 1 mi ted to 40 mph 
to minimize emergency stop inertia loads on the RSA. 
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5) Bumpy roads shall be avoided. When crossing bumps (existing at 
railroad crossings, etc.), the speed shall be reduced to 5 mph 
or less as deemed necessary. 

6) Tire air pressure shall be lowered to the minimum safe pressure 
to obtain a soft ride. 
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APPENDIX 


Major Component Vendor Data 


SOLARON COLLECTOR PANEL DETAILS 



mwiNAL PW^S 

yi POOR QUALU' 


COLLECTOR PANEL 



OOUBLE GLAZED PANEL 
< TEMPERE3 GLASS ) 


manifold 

AREA 


ABSORBER 


AIR 

CHANNEL 


MANIFOLD 
PORT (T VP. OF S) 


INSULATION 


PANEL DIMENSIONS . 
3'-0*W * S - 6*L * 7 Y* M 

note : air flows thru the 
CHANNELS beneath 
the absorber plate 


FIGURE 2 COLLECTOR 

C. Components (Fig. 2, 3 & 4) 

1. Solar Collector (PATENTS APPLIED FOR) 


FIGURE 3 COLLECTOR MANIFOLD 


The Solaron solar collector is an advanced type of an air heating, flat plate collector. Our 
exclusive internal manifolding allows the Solaron collector to be completely modular. Factory pre- 
assembled collector panels are plugged into each other with a minimum of installation time. Air inlets 
and outlets are field cut into each collector array as required. The Solaron solar collector is designed 
for installation on any structurally sound surface, such as a roof, wall or specially made supports. 


The Solaron solar collector has the following general construction characteristics: 


Absorber: 28 gauge steel with porcelain enamel coating. 

Glazing: Two 1/8" sealed special low iron tempered glass panels with a long 

life EPDM perimeter gasket. Glass plate can be easily removed for 
service or replacement. 

Pan: 20 gauge steel, fully insulated with 3 3/4" fiberglass batt. Painted 

external surfaces. 


Connection Ports: Unique flange configuration permits tight air seal automatically 

as modules are installed. 

Cap Strip: Painted steel designed to provide weather seal between panels. 


A1 
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SINGLE-INLET, 4-WAY DISCHARGE BLOWERS 


Adaptable to 4 Discharge Positions on the Job 
♦Vi to 18 Va" Ola. Singla-Wldth Wheels 

Designed and built for general duct ventilation, ex- 
f hausting. air conditioning, and Industrial air-moving 
applications. Single-inlet type for quiet, efficient per- 
^ _ formanre Adaptable to any of 4 standard discharges 

^ 50 ./ 2 on the J ob b y merely re locating adj motor mount and 
motor on frame — see diagrams Belt length remains 
n» zesso same for each aischarge position. Precision, balanced. 
si>:fle-width wheels on ball bearings. Heavy gauge, die-stamped steel 
housings. Gray finish Resilient-mounted, automatlc-reset thermally 
protected Dayton motor and drive packed separately when blower 
is ordered complete. Request Bulletin 706. 

C7\ 4 BASIC DISCHARGES SERVED (7\ 


TOP 

HORIZONTAL 


BOTTOM 

HORIZONTAL 


UP 

BLAST 


SINGLE-INLET BLOWERS WITH MOTOR & DRIVE 


^pliiM rigid mountcil motors — Not thermally protected 

Motor Overloaded -Not recommended for operation at this static pressure, with thia IIP. 

Dayton Full-Fact Carton Label Makes Motor Stocking and Selection Easier 

features clearly, for easy reference 
by dealer and user. Providing com- 
plete information on the label sim- 
plifies motor selection, helps assure 
customer satisfaction. 
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SEE WARRANTY INFORMATION ON PAGE BEFORE INDEX 


Overall Sirs 
H W D 

BLOWER ONLY 
Loss Motor A Driv* 
Slock No. Retail Each 

MW* I0«' I4W 
IS 12 W I0W 

21 W 12 W III W 

25 12 W 22 H 

30 17 H 26 W 

2C986 584.70 $50.72 
2C9 8 7 07.21 58.21 

2C 9 88 153.32 91.81 

2C989 155 84 145.81 

4C218 103.10 180.67 





CFM 

AT 

AIR DELIVERY 
RPM SHOWN 


BLOWER WITH 1728 RPM MOTOR A ORIVE 

MOTOR DATA 

All With Automatic 
Thermal Protection 

WhMl 

Free 

i/r 

1/4- 

3/8" 

1 nr 

»/»’ 

Blower 


Volts 


Slock 


Ola. 

Air 

SP 

SP 

SP 

SP 

SP 

RPM 

HP 

60 Hi 

T»pe 

No. 

Each 

9W* 

1090 

1140 

810 

695 

590 

450 

V26 

1/4 

115 

Split 

7C808 

$80.43 


1210 

1075 

945 

865 

715 

645 

1030 

1/3 

115 

.Split 

7C810 

85.76 


1330 

1205 

1085 

980 

8X5 

800 

1100 

1/2 

115 

Split 

7C812 

100.19 

10W* 

1360 

1205 

1030 

84C 

lUX) 


705 

1/4 

115 

Split 

7C814 

92.47 


14X5 

1360 

1220 

1065 

885 

625 

765 

1/3 

115 

Split 

7C816 

93 91 


MHO 

1575 

1445 

1310 

1175 

1010 

850 

1/2 

115 

Split 

7C818 

108 75 


1935 

1850 

1740 

1610 

1485 

1350 

1030 

3/4 

115/230 

Cap. 

7CB20 

121.14 

12%* 

1820 

into 

1310 

1030 

645 



560 

1/3 

115 

Snlit 

7C8.2 

128. 25 


2050 

IXK5 

1690 

1390 

1 165 

KHO 

652 

1/2 

115 

Split 

7 Co 24 

142 01 


2345 

2 11R) 

2020 

1815 

1505 

1285 

750 

3/4 

11.6/230 

Cap. 

7C826 

153.33 


/ 

t 

f 

t 

1620 

1565 

X16 

3/4 

115/230 

Cap. 

7C828 

151.52 

15* 

2100 

1775 

1450 

1000 




480 

1/3 

115 

Split 

7C830 

183 84 


2400 

2150 

I860 

1550 

1070 

— 

500 

1/2 

115 

Split 

7C8J2 

195.06 


2070 

2580 

2375 

2100 

17.50 

1360 

005 

3/4 

115/2.30 

Cap. 

7CB34 

210 97 


301(1 

2830 

2640 

2430 

2165 

1810 

652 

1 

115/2.30 

Cap. 

7C836 

227 68 


3010 

2430 

2640 

2430 

2165 

1830 

652 

1 

230/460 

3-Hh. 

7C837(*) 

219.47 

18* 'a* 

4300 

39NO 

3510 

2080 

2320 



467 

1 

290/460 

3-Ph. 

7C337(») 

296.03 


4950 

4570 

4 1 HO 

37.50 

3250 

2660 

525 

m 

230/460 

3-Ph. 

7C338 •) 

299.08 


5480 

5190 

4X60 

4490 

4020 

3480 

583 

2 

230/460 

3-!*h. 

7C339C) 

306 37 

— 

6120 

5‘J00 

5630 

5320 

4940 

4530 

853 

3 

230/460 

3-I‘h. 

7C340C) 

342.49 
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FURNACE BLOWER and FAN-DUTY MOTORS 



Ml ft'A 


At I «A Vi 


1/* »• 3/4 HP, 1725 or 1715/1140 PPM 
Split Phase. Thermal Protection 
40* * 50"C Rise, Continuous Duty 
Low Nolso, Roducod Starting Torque 


$26.83 

i/a np 


NEMA 
54 FRAME 



For furnace blowers, air coolers, belt-driven fans 
and similar applications that require reduced 
starting torque, low starting amps and low 
noise level. Split phase. US. 208-230 & 115/230V, 
6o It/ Resilient mounied. Sleeve bearings. 40'C 


ambient, Class A Insulation, continuous duty. 
Rotation easily reversed. Open, drtpproof. Auto- 
matic reset thermal protection. Recognized by 
UL for construction under the Motor Component 
Recognition Program. CSA approved Gray. 




Volfs 

NEMA 

Shall 

Typa 

Full-Load 

“C 

Service Slock 



Shpj. 

HP 

RPM 

60 Hz 

Frame 

Dia. 

Lony Shalt 

Amptl 

Rita 

Factor No. 

Rafail 

Each 

Wt. 

1/6 

1725 

115 

48 

H’ 

l H 

' Hat 

3.3 

40 

1.35 

5K906 

$40.08 

$26.83 

13 

1/4 

1725 

115 

48 

H 

i 

u, 

Flat 

5.3 

50 

1.0 

5K908 

42.39 

27.76 

13 


1725 

115 

48 

S 

i 


Flat 

4.4 

40 

1.35 

5K907 

44.13 

28.90 

15 


1725 

115 

48/56* 

h* 

i 

La. 

Flat* 

a3-4' 

40 

1.35 

5K977* 

44 13 

28.90 

16 


1725 

115 

56 

H 

m 

Key 

4.4 

40 

1.35 

5K260 

44.13 

28.90 

16 

1/3 

1725 

115 

48 


i 


Flat 

6.3 

50 

1.0 

5K909 

46.49 

30.44 

14 


1725 

115 

48 


i 

lij 

Hat 

5.8 

40 

1.35 

5K682 

51.22 

33.54 

17 


1725 

208-230 

48 

* 

i 


Flat 

2.8 

40 

1.0 

6K717 

54.37 

35.60 

17 


1725 

115 

48/56* 

H* 

i 

u 

Flat* 

5.8 

40 

1.35 

6K030* 

51.22 

33.54 

17 


1725 

115 

56 


1W 

Key 

5.4 

40 

1.35 

5K261 

51.22 

33.54 

19 


1725/11401 

115 

56 

H 

i 


Key 

ft 0 

40 

1.35 

5K6S4 

79.59 

52.12 

21 

1/2 

1725 

115 

48 

H 


la, 

Flat 

7.0 

40 

1.25 

SK910 

71.71 

46.96 

19 


ITj.'i 

115 

48/56* 

H* 



Flat* 

7,0 

40 

1.25 

5K258* 

71.71 

46.96 

18 


1725 

115 

56 

H 

i 

X 

Key 

7.6 

50 

1.0 

6 K 399 

58.00 

37.98 

18 


1725 

208-230 

56 

I 


8 

Key 

Key 

Key 

3.9 

40 

1.25 


74.86 

49.02 

21 


1725 

1725/11401 

115 

115 

56 

~5»r* 

| 

7.4 

9.2 

40 

50 

1.25 

1.0 

5 PI WO 

71.71 

79.59 

46.96 

52.12 

20 

23 


1725/11401 

115 

56 


Key 

8.5 

40 

1.25 

6K394 

101.65 

66.S6 

24 

3/4 

1725 

115/230 

56 


i" 

H Key 

12.0 

40 

1.25 

6K624 

96.92 

63.47 

24 


(*) Not. 3K977. 5K258 and 6K030 have N KM A 48 frame body mounted on NEMA 56 frame cradle base and aup- 
»ill* M* split steel bushing, (t) At 1725 RPM. U) 1/6 HP at 1U0 KPM. (() 1/4 HP at 1140 RPM. 


1/2 to 2 HP CAPACITOR-START BLOWER MOTORS 



„■ aiww awi^ For belt-driven furnace fans and blowers that re- 
W*. quire reduced starting torque, lower starting amps 

and noise level. Capacitor-start, Induction-run 
4<1 q nn type 40*C ambient, 1.25 service factor. Class A 
f 07,4i Insulation |40‘C rise), continuous duty. Automatic 
1/2 HP reset thermal protection. Open, dripproof. Sleeve 
bearings, except No. 6K805 has ball bearings. Resil- 
ient mount. NEMA 48 and 56 frames Reversible rotation. Recog- 
nized by UL for construction under the Motor Component Recog- 
nition Program. CSA approved. Gray. Dayton brand. 





NEMA 

Full-Load 







Volls 

Frame 

Amos 

Stock 



Shpg. 

HP 

RPM 

60 Hz (S.« a. IS) 

(5)1 15V 

No. 

Retell 

Each 

Wt. 

1/2 

3450 

115/208-230 

48 

8.6 

6K804 

$59.89 

$39.22 

16 

3/4 

3450 

115/208-230 

56 

9.2 

5K900 

71.71 

46.96 

21 

i 

1725 

115/208-230 

56 

12.8 

6K157 

122.93 

80.50 

30 

1 

3450 

115/208-230 

56 

11.6 

5K901 

90.62 

59.34 

23 

2 

3450 

115/208-230 

56 

20 4 

6K805 

145.78 

95.46 

37 



5 1/4 HP, 1 & 2-SPEED FAN DUTY 

Permanent Split Capacitor Type. TENV, Air-Over 

ton y n For direct driven exhaust and circulator fans. 
+ 00*/ X 115V, 60 Hz. Resilient mounted. Sleeve bearings. 
IlM RPM 40‘C ambient, 55*C rise, continuous duty. Totally 
enclosed. Automatic reset thermal protection. CW 
rotation, easily reversed. NEMA 48 frame. Overall length 10H"; 
7!V' less shaft. Recognized by UL for construction under the 
Motor Component Recognition Program. CSA approved. Gray. 


HP 


RPM 


Full-Load Ampa 
(oil 100 RPM 


J/4 

1/4 


1100 

1100/2-Spd. 


3.6 

3.1 


Stock 

No. 

381339 
3 M3 40 


Rota II 


Each 


$58.39 

60.19 


$38.72 

3C.44 


Shp*. 

Wt. 

16 

18 


at 


SEE WARRANTY INFORMATION ON PAGE BEFORE INDEX 


A3 



ORIGINAL PAGE IS 

OF POOR QUALITY 


refrigeration/air conditioning 

R8225A,B,C,D FAN RELAY 


I C ON t not • 



rC<> 

corr 


TRADELINE MODELS: 

Contact Rating! (amperes! 


••'O'.T as f ’ . 

AND .• . 

CIRCUIT.! 

Used in heating, cooling, 
or heating-cooling systems. 
Integral 1/2 inch conduit 
spud allows relay to be 
mounted on a standard 
junction box. Contacts. 
Silver cadmium oxide. Max. Operating Ambient: 115 F. 
Mounting Means: Threaded 1/2 inch NPT conduit spud. 
Dimensions (inches): 2-11/16 high. 2-1/2 wide, 3-7/16 
deep. Listed by Underwriters Laboratories Inc. 


Order 

120V ac 

240V a« 

Number 

NO. 
(1 hp) 

N.C. 
(3/4 hp) 

NO. 
(1 hpl 

HJC. 
(3/4 hp) 

R8225A101 7* 

16 0 FL 
96.0 LR 

13 8 FL 
82 8 LR 

8.0 FL 
48 0 LR 

69 FL 
41 4 LR 


Additional Models: 


RESISTIVE RATINGS: For N O. contacts-16 amp at 
120V, 8 amp at 240V; auxiliary contacts-3 amp at 
120V, 2 amp at 240V ac. 


Contact Ratings (amperes) 


Order 

Number 

120V ac 

240V ac 

NO. 
(3/4 hp) 

N.C. 
(3/4 hpl 

NO. 

(1 hp) 

N.C. 
13/4 hp) 

R8225A1041 

13 8 FL 
82 8 LR 

13 8 FL 
82 8 LR 

8 0 FL 
48 0 LR 

69 FL 

41 4 LR 

R8225B 1007 

13 8 FL 
82 8 LR 

- 

8 0 FL 
48 0 LR 

- 

R8225C 1005 

13 8 FL 
82 8 LR 

13 8 FL 
1 82 8 LR 

8 0 FL 
48 0 LR 

69 FL 
41 4 LR 

R8225D1003 

(main! 

(aux.) 

13.8 FL 
82 8 LR 


8 0 FL 
48 0 LR 

- 

3 0 FL 
180 LR 

1 

1 9 FL 
1 1 4 LR 

- 


SWITCHING AND COIL RATINGS: 


a 1 34259 Flush Mounting Bracket included. 


Models 


R8225A 


R8225B 


R8225C 


R8225D 


Switching 


spdt 


1 spst N O. 


1 spst N O. 
1 spst N C. 


dpst 

1 main N O. 
1 aux N O. 


Configuration 
and Color -coding 




-H- 


-tt- 


l 0*1) ( ONt ACTS 
HI *CK 1 1 BLACK 


AUXILIARY CONTACTS 
YtLLOW II vrtLOw 


Operating Coil Pull -in 


Inrush 


11 VA 
maximum 


Sealed 


6 VA 
maximum 


Voltage 


18V 

maximum 
at 75 percent of 
rated 
voltage 


R8146A ADD ON 
HEATING RELAY 



provides .‘/.vi rc’.i.rn; 

FOR A CELT GENERa- 

TING ;POWERPIL3) 
HEATING SYSTC.M 
WHEN COOLING IS ADD 
ED TO EXISTING IN- 
STALLATION. 


tap* 


Used with R856B, R8226, 
R8227, or R8239 Fan 
Centers and T87F Room 
Thermostat. R8146A iso- 
lates millivolt heating system power from 24 volt cooling 
system control circuit. Electrical Rating: Contactt-0.25 
amp at 0.25 to 12V dc or 1 .5 amp at 24 V ac. Relay Coil— 
0.4 amp at 24V ac. Ambient Temp. Range: 0 to 100 F. 
Mounting Dimensions (inches): 5-1/4 high, 4-1/4 wide, 
3 deep. Listed by Underwriters Laboratories Inc. 


R 8093 A THERMAL 
TIME DELAY RELAY 

v t.N r:. r. i;r it 

Y'iNT OU.lPRnj.vGR OP- 
ERATION JY .'SLAV- 
ING STa.1T Or 
PRESSOR ON * 

FROM TNH R? (OS TAT. 
Prevents compressor dam- 
f — *— / * | age as a result of rapid 

| cycling. Prevents excessive 

inrush current on simulta- 
neous start of 2 compressors. Switch Action: Spst 
normally open contacts. Contact Rating: 1.5 amp 
at 24V ac, 50/60 Hz. Heater Voltage: 24V ac; heater 
current 0.08 amp. Timing: Make— 35 seconds (nominal); 
Break-35 seconds maximum (minimum on time is 
3 seconds). Ambient Temperature: 40 to 140 F at 85 
to 110 percent rated voltage. Unit will operate at 
0 F at rated voltage. Quick-connect terminals. Case 
Dimensions (inches): 3-3/4 high, 2-5/1 6 wide, 2-1/8 deep. 






Order Number 

Case and Cover 




R8093A1008 

Yes 

Order Nu mber 

Switching 

Coil Voltage 

R8093A1024* 

No 

R8146A1005 

spst 

24V ac 

includes mounting bracket 
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i 


j 


-i— J 1 1 1—J--LJ 







I 4# 


✓ 



^ / # 

2 


cfio ayu. fo!*r 


Halstead e Mitchell. HFj 

A DIVISION Of HALSTEAD INDUSTRIES INC. L..M. i t 


PRICE BULLETIN WS- 12 

DATE SEPTEMBER 1. 1976 

SUPERSEDES WS- 11 

SEE PRICE LIST FSP-1 1 FOR DE, CW & LARGER 
SIZE COILS 


Hot Water and Standard Steam Coils * 

WITH PLATE FINNED SURFACE. 5/8” O.D. STAGGERED TUBE DESIGN 

MOST COIL SIZES SHIPPED FROM STOCK 




1 ROW COILS 2 ROW COILS 



M3H @60° EAT 800 FPM 



1 

MBH @60° EAT 800 FPM 


COIL MODEL 

200° - 180° 
Hot Water 

5 PSI STEAM 

LIST PRICE 

COIL MODEL 

200° - 180° 
Hot Water 

5 PSI STEAM 

LIST PRICE 

SW1 6-12-8 

13 

15 

131.00 

SW2-6-12 8 

20 

26 

166.00 

SW 1-6- 15-8* 

16 

19 

136.00 

SW2-6-15-8* 

26 

33 

170.00 

SW1-6-18-8 

18 

23 

138.00 

SW2-6-18-8* 

31 

40 

173.00 

SW1-9-9-8* 

14 

17 

136.00 

SW2-9-9-8* 

23 

30 

168.00 

SW 1-9- 12-8 

18 

23 

140.00 

SW2-9-12-8 

30 

39 

173.00 

SW1-9-15-8* 

23 

28 

145.00 

SW2 9-15-3 

38 

49 

180.00 

SW 1-9- 18-8 

28 

34 

150.00 

SW2-9-18-8 

46 

60 

186.00 

SW1-12 12-8 

25 

30 

150.00 

SW2-12-12-8 

41 

53 

186.00 

SW1-12-15-8* 

31 

37 

160.00 

SW2-12-15-8 

51 

66 

196.00 

SWM 2-1 8-8 

37 

46 

170.00 

SW2-12-18-8 

61 

79 

202.00 

SW1-12-24-8 

49 

61 

180.00 

SW2-12-24-8 

81 

106 

232.00 

SW 1-1 2 30-8 

63 

75 

198.00 

SW2 12-30-8 

102 

133 

254.00 

SW1- 12-36-8* 

75 

90 

220.00 

SW2- 12-36-8 

122 

158 

281.00 

SW1-15-18-8 

46 

57 

180.00 

SW2-15-18-8 

76 

99 

215.00 

SW1-1 5-24-8 

61 

76 

195.00 

SW2- 15-24-8 

102 

132 

251.00 

SW1-15-30-8 

78 

94 

225.00 

SW2- 15-30-8 

126 

164 

292.00 

3W1-15-36-8* 

94 

113 

256.00 

SW215-36- 8 

152 

_ 198 

328.00 

_-\W 1-18-18-8* 

56 

68 

200.00 



—HI 

)TJ0 !l "*} 

SW1-18-24-8 

75 

90 

232.00 

SW2- 18-24-8 

122 

IBS 

79TOT 

SW1-18-30-8* 

94 

113 

260.00 

SWM 8-30-8 

152 

198 

333.00 

SWM 8-36-8 

113 

135 

280.00 

SW2- 18-36-8 

183 

238 

359.00 

SWM 8-48-8* 

150 

180 

328.00 

SW2- 18-48-8 

244 

316 

420.00 

SW1-21-30-8* 

110 

131 

288.00 

SW2-21-30-8 

178 

231 

369.00 

SW1-21-36-8* 

131 

158 

314.00 

SW2-21-36-8 

213 

277 

402.00 

SW 1-21-48-8* 

175 

210 

368.00 

SW2-2 1-48-8 

287 

371 

472.00 

SW1 -24-24-8 

100 

120 

281.00 

SW2-24-24-8 

164 

212 

360.00 

SW1-24-30-8* 

125 

150 

319.00 

SW2-24-30-8 

205 

265 

409.00 

SW 1-24-36-8 

150 

180 

345.00 

SW2-24-36-8 

244 

316 

442.00 

SW 1-24-48-8 

200 

240 

398.00 

SW2-24-48-8 

325 

421 

510.00 

SW1-27-54-8* 

253 

304 

459.00 

SW2-27-54-8 

415 

537 

589.00 

SW1-30-48-8* 

250 

300 

470.00 

SW2-30-48-8 

410 

530 

602.00 


NOTES: 


!' 


I- 


ftc 

\ f. 


6? 


All prices are subject to change without notice. 
F.O.B.— Scottsboro, Alabama; Terms-Net 30 
Prices include casing. 

Aluminum fins and copper tubing are standard. 

For copper fins, contact factory for quotation. 

For red brass tubing, contact factory for quotation. 
Cleanable tube water coils are available. Contact 
factory for quotation. 


MODEL NUMBER EXPLANATION: 

Coll Typs, Rows Daep, Fin Height, Fin Length, Fins Per Inch 
Example’ 

SW— • Steam or Water, t Row Deep •" Finned Height 
It" Finned Length, • Flnt Per Inch. 


•NORMALLY NOT STOCK ITEM 


ORIGINAL PAGE IS 
OF POOR QUALITY 


SEE REVERSE SIDE FOR 
FURTHER DETAILS 


>♦ 

•J*V • 


/ HALSTEAD & MITCHELL • DIVISION OF HALSTEAD IND^'RIES INC. • SCOTTSBORO, ALA. 35768 • (205) 259-1212 


i 

A —» .*f . ‘ l • 


I, 


HALSTEAD <£ MITCHELL BOOSTER COILS 
DIMENSIONS 


Single row 


Dual row 


1% 


r’ 


T 

1.299 


I'/a 


3 >r 1 

1 i 


i • 


ye 


tern 


FINNFD 

WIDTH 2.598^ 


± J&U 


MPT 



FINNED LENGTH 


IVi 


l '/2 


FINNED 

WIDTH 


CAPACITY CORRECTION FACTORS 


CIRCUITING & FITTING SIZES 
CORRESPOND TO CAPACITY 


FAC 

KPM K«cr Vfl. 

E VELOCITY 
Watrr Coil. 

i 

Steam Coil 

400 



500 

83 

.77 

600 

.87 

.85 

700 

.94 

.94 

800 

1.00 

1.00 

900 

1.05 

1.085 

1000 

1.09 

1.125 


STEAM 

PSI 

TEMP. 

Corr • Factor 

2 

.95 

5 

1.00 

10 

1.07 

15 

1.13 

_ 20 

1.18 

25 

1.22 




AVER. WATER TEMP 

Butte 

Corr. Factor 

140 

.63 

150 

.71 

160 

.79 

170 

.86 

180 

.93 

190 

1.00 

200 

1.07 


• » «0 EAT 


Inlet Air Dry Bulb Temp. 

STEAM ONLY WATER AND STEAM 


INLET AIR DB. 


AIR SIDE FRICTION LOSS 


* if*. 


ft . 


A. 

k».< 


1* 

e" 

*.V. 


• FACE VELOCITY 
FPM (STD. AIR) 

PRESSURE DROP 
(Inchas W.G.I 


1 Row 

2 Row 

400 

.04 

.09 

500 

.07 

14 

600 

09 

19 

700 

.12 

.24 

800 

.15 

.30 

1000 

.22 

.45 

1200 

.30 

£3 

1400 

39 

.80 


CORRECTION FACTORS 
AIR SIDE FRICTION LOSS 


HAISTEAD & MITCHELL • DIVISION OF HALSTEAC 


A6 


l'/a 


FINS/INCH 

FPI 

Con. Factor 

6 

.85 

8 

1.00 

10 

1.13 

12 

1.22 

14 

1.31 





1.5 


<r 

o 


o 

< 


1.0 


FINS/INCH 

Conr. Factor 

6 

.84 

8 

1.00 

10 

1.16 

12 

1.33 

14 

1.52 


ORIGINAL PAGE IS 
OF POOR QUALITY 


DUSTRIES INC • SCOTTSBORO, ALA. 35768 • (205) 259-1212 


A 







5/8" O.D. COPPER TUBES 
1 1/2 x 1.299 STAGGERED 
CORRUGATED PLATE FIN 


TYPE 


AIR FRICTION LOSS 
FOR DRY SURFACE 


SECTION 8. PAGE 806 

SEPTEMBER 1969 



/ / 



/ 4 ROW 


/ // / : 

77 / 7 / 



/VT / 


/ 

/ i 


^ 2 ROW 


400 900 

FACE VELOCITY - FPM 


WETTED SURFACE 
CORRECTION FACTORS 


FINS PER INCH 
CORRECTION FACTORS 


ORIGINAL PAGE IS 
OK POOR QUAUTY 


Entering Dew Point Minus [ 
Refrig, or Water Temp 

Factor 

FPI 

6 

0 

i.oo 

8 

10 

in 

10 

20 

1.20 

12 

30 - 

1 27 

14 

40 

1 35 



Halstead & Mitchell 


Pennsylvania 


Wynne, Arkansas 




5/3” O.D. COPPER TUBES 


1 1/2 x 1.299 STAGGERED 


CORRUGATED PLATE FIN 


SECTION H, PAGE 307 

SEPTEMBER 1969 


HEAT TRANSFER COEFFICIENTS 

6210 SURFACE CHILLED WATER COILS 

DRY SURFACE 


FLOW RATE PER CIRCUIT - GPM 


PAGE IS 
QUALITY 


ORIGINAL 
OF ?OOB 


Wynn*. Arkansas 


Zt'lienopiB Pennsylvania 
T-ltfii-ione 412 452 9400 



y joo ] 

/ 

/ F ACE V€l 

! 

OCITY p FPM 



— 

h-y 

. i ' : : 

■ 1 

1 



y 

i • . 

1 


' 1 



Pages A9 and A10 are deleted because they contain Ruskin Mfg. Co. 1976 
copyright information. For control damper, type CD454, information, contact 
Ruskin Mfg. Co. , Grandview, Missouri 64030. 
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original page is 

OF POOR QUALITY 


i 





— J 15 MAX 


HORIZONTALLY . 
MOUNTED 


r 


FABPIC 

BLAOE 


VERTICALLY 

MOUNTED 


>*CI» .CATIONS; 


l«t TOilOniN- .CAl.GvS iiO.CAl £ NC*kal CONS l«JC T 1 ON O' IhC TAePiC 

aiAOC fcAC* PP£SSu*t OA**£«S. 


I«AK- .1^0’ C*T*JD10 ALJNIN\*. t'Jb j* 15 AilO*. 

CKA01S- CO* OjCT vClOCiTy »mPU 000 f.P.M. a COA ICO CAtPiC MAffftlM A* VIOC -ILL Bt ‘J_CO 


^t«C vCLXilT i« •*£**< too f.P-N. #10 0 C>*AlAS 1 ;C «S PCCO***XQ. AVAiiAbLl 
A I IUPa COST. A0*.u vftw* Ctlr A J ecAOt’ vatcp.ai. 


Al IATHA CJS T . AO*. CL VUJCIIT CCASt VA.£PiAI. 

OLAOi s:w»? - C CATLO l/*“ .>» GAtvAHtJiD SICU SC*£tN 

f .niSh - Nat 

NAA.'AAA ’C GlHC*lwN - 0" TO 1 1* HIGH - d-X/l" 

11" Tw W" HIGH - 3-1/*" 
lY 10 ^A* HIGH - A - 

ttOCC AViK -ILL 8C CONSlAAl. APPPt* iMA ILL* 6 0€G»££S. IHCPCCOPC, DCPlH W.IL YAP* OCPtNGlVi 
ON KiGMl, dol --LL NLylA CACCCO aBOyC »C O.KnSiOn* 

KaiA *>4 RasLl SiZt - 36” HlX A HIGH. *<N LA«C£P UPiT IS PCQOtPCO OA*£P WILL B£ fAS«.CA?LO 
IN *AJt T iPvt SCCli^C COP riCLJ ACSt^iLY. 

WAAl»OA TC»^tPATw#n ALC^MANCC ISO DtC*£CS r. TOP SPCClAL HlCH APPLlCATlX. tMOPMAIiCN 

ON PtOUiST. 


A46 ARC O-XI SiZLS. 6ACA PPCSSJTC tA*^C»S a«C fAW».CAT£J 1/6" X5‘.tSlI4. 

wMliS API fAoWlCATLO TOP III** HORiiOMAl 0* *C«T*CAL KXaT.NG. PLCASC SWC.M. 

OlHCP GAUGCS A*0 NAUPIAL TOP f PAKt , bLAOt STOP A*> b'JXS AA£ AVAiLAbLC ON PlwLfCl. 


I As Tl N£ RS , IK Ip I £ ANC LJCAI.ON kH> H£ TK>0 Cf f A* If Ni'k AN- SOb-i/.l Ti. GO* UkCCIi'JN TO 

NiYUlli t>ccr C jNS f AuC I «'JN PPACTiCIS. S**CC.» iCAI . jNC APl S'Jb -tCT 1C N>»MA_ lOU’PANCiS. dJ* 
O.XNSiONAl A '40 Visual. 


OPAHINCS API 3Ub_£CT ?j C**A*C.£ hiIHO.T AtJliCf 


VELOCITY If^jELS I frame 


mu 


10 bis GA ALUM 
HLAU 


/- 16 Bis GA 
/ ALUM Fl.AU I 

_ — i 


' MULLION FOR HORlZGNTtUY 
MOUNTED UNITS 


PE 

MOUNTING 


MULLION FOR VERTICALLY 
MOUNTED UNITS 


DATE 

CUSTOMER 


CUSTOMER ORDER NO. 
AGENTS ORDER NO 


lh] 

[uvouin 

L’ P - 71 I 

[a* a 

til 

REDRAWN, rwu« CMG'D 

hFic-od 

U>-VL 

\r\ 

frame material chg'd 

S 14-td 

lie 

E 1 

1 REDRAWN, gem rev 

1 - 5 - 0 S 

GH 

M 

[revision j 

[date] 

[by 


omencan warming 
and ventilating inr 


FABRIC blade back 
PRESSURE DAMPER 
ShB-P-1217 


JOB. 


PI236-3 


PRECEDING PAGE BDWEVyP Rnffl 







PRESSURE DROP IN INCHES OF WATER 


* 



american warming 
and ventilating me 


CATALOG SECTION 2 
OAMPfRS- «ACK PRESSURE 


TEST DATA 


SERIES SHB-P- 1217 DAMPER 
FACE VELOCITY VS. STATIC PRESSURE 





FACE VELOCITY IN FEET PER MINUTE 


P.O. BOX 1 71 TCI 
1017 SUMMIT ST. 
TOLCOO. OHIO 43609 
(419) 243-7191 


AMCA MEMBER 


A12 


Pages A13 and A14 are deleted because they contain Ruskin Mfg. Co. 1976 
copyright information. For damper actuator, model MP- 1 16 1 - B, information, 
contact Ruskin Mfg. Co,, Grandview, Missouri 64030. 


A13 
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Thermal Bleeder Valves 


851 


Aulumall. ally drains H»lrr linn and Malar 
......led rqul|*tiu*nl fur iNMlIlvr prnleell.ia 

against (ree/rups . eliminates freeze dam- 
age repair*. down-time. and waited water. 
Oia'tta only when dancer u( (rmlnt la Imml- 
nrnl and iWn a - mmiii hi temiierulurr run 
la a aafr level. Beir-setuatlng and selfoperat- 
Ing . does mil depend on any iwwer source 
Maximum working pressure lull I'SI. liaa 
k " IPS inlet and nutlet Constructed of 
heavy brass body, stainless steel spring and 
Buna S poppet ... will nol rusl or corrode. 
Sensor la sealed, never needs to be replaced under normal 
operating conditions . . requires no service 

Nos. 4858X12 a Ml — la full open or closed for use where 
temp drops rapldiy. N1S — trickle starts at 3S*F 

Actuated Full Full NET 

No. By Tentp Open Closed EACH 

4H38N12— Ambient Air 34*K 40*F SIOS.SS 

4638 M 4 — Ambient Air 2**F. 3S*F 165 *k 

4 kJkM 6 — Surround. Water ...3t*F «0*F. 103. M 


11 

JI 


By-Pass Relief Valves 

TWi xwlxr tin* hron/i* bod) and ilRlnlm 
Blrs-I Inm It \% |H»pui tr for M»e Mttli h>- 
ilr.mhr puniiimi unitx. \*h**rr n prrdrtrrmlnrd 
pump tlKrhurur premurr must In* maintained 
on nui h mulpntrnl ■« it machine tool h> - 
rt rn « lie n»e«-li mlkiti, rum. prrtt. lift, or un> 
• tslern requiting mulntlufl of the pump tflt- 
rhiirrr pre*»ure Sui'ablc In system* where 
the \alve must ritacharge Into high or vart- 
uble pressures In the bvpA*« return lines 
Suitable for water. other liquids And fuel 
oils of All types Not recommended for steAm 
Maximum Temperature. 450°F 


*•- 

IICiKIS 

Size 

In 

... 

Spring Adjustment 

Range Lbs 

5-75 


NET 
EACH 
f 16 68 



AO* ISO 


36.66 

IM2KI4 

... H... 

100-300 


36.68 

4 Mi .’k 13 

... %... 

200-600 


36 68 

ICfi.'k 18 

... %... 

5-75 


36.68 

IMM7 

... V. 

50-150 


36.68 

4 Mi * k 1 H 

... K ... 

100-300 


36.68 

4*62kl9 

- %... 

200-600 


36.68 

4662N21 

. .1 _ 

- 5-75 


76.37 

406 !.\ 22 

...1 ... 

50-150 


76.37 

I*6!N23 

...1 — 

100-300 


76.37 

•«62k :i 

l 

200-800 


76.37 

litiKU 

...1% 

5-75 


76.37 

446? N26 

...1M - 

50-150 


76.37 

«M!N27 

.1H — 

100 300 


76.37 

*462 N 28 

-ii*.. 

200-600 


76.37 


VALVES 

!!□□□□ RELIEF 


Pressure-Temperature Relief Valves 

ton'd ruction fralorrs Include: Braaa on 

lower end of valvt. bronte on upper part, 
alatnless ateel spring and all working parts 
brsas 

f omldnrs the outstanding qualities of a 
pressure rrllrf and a lemi»eraiurr relief valve 
Inin one unit. Valve reseats automatically. 

All roniM-rlluns Ai* female thread. Meets 
A" 'IF requirement*, listed and certified by 
Ihe National Hoard. Temperalure relief ra- 
pe elites established by At. A al JOJ.OtMl HTI 
hr. tkleaml. Thermostatic element starts to 
open at 200*F. opens fully at 210* F 

Ns 0781 Nil 0761 Nit 0781X13 0761X14 

Opening Pressure. P8I 

75 100 125 ISO 

Pressure Relief. BTU/Hr. Steam Dlsch ASME 

1.220.000 1.576.000 1.024.000 2.271.000 



NET EACH 


$14.45 114.45 S14.45 114.45 


Forged Steel Relief Valves 

Standard construction provides for rarhoa 
slerl spring, for relieving pressure to 600 PM 
at temperatures to 450*. 

Valves are available lor greater relieving pres- 
sure do 000 PM) and higher temperatures. 

Prices On Hrquesl. 

A maximum working pressure of 2000 PBI 
at 100*F or 700 P8I at 850'F Is permhwable 
Meets ASMK code for unflred pressure vessels 

Relieves pressure in pump lines, drums, heat 
exchangers, unflred pressure vessels handling 
water, steam, oil. or vapor May be used to 
relieve Into the atmosphere or Into another part 
of the piping system Forged steel body, stainless 
steel ball and seat. Angle pattern, screwed con- 
nections 

No. 4700N 

Else. In 14 44 H At l 

NET EAC H *57.00 *57.00 I7H.53 *93.32 *11*.71 

NOTE: When ordering specify: bet Pressure, Service Tem- 
perature. bite and Number. 




Guided Piston Relief Valves 


STAIN LI :ss STKr.l 

Brass or stainless Steel bodlrs. Spring and 


ALUMINIM • Hit ASS s 
These relief valves are available with Aluminum. 

piston are all stainless steel 

Furnished with a soft seat for gas and liquid service, beat Material : 5-125 P8I Synthetic rub- 
ber 125-3100 PSI Teflon For Service from -65 to 225*E. 

Also available with metal to metal seat, designed for general Industrial liquid application such 
as oil and water and Silicone seat designed for fuel, chemical and other services . Prices oo 
request. 

Furnished standard with female Inlet and outlet. Male Inlet and female outlet available . . . 

Prices on request 

Available with factory set pressure as Indicated 

IMrect acting rrllrf valve with excellent characteristics of quick, smooth unloading and ac- 
curate operation within the pressure range 

NOTE: When ordering specify No. 4706K. BUe. Factory Pressure Setting. Type of Service and whether aluminum 

" stainless ateel Is desired 


D 

S 

II 


tiumioum ...s^u.. 

W Else 

NET EACH 
W Mt* 

No. 4706k 
+u” 3Ue 

w 8lee 

* 4 * Site 

[Pretturo IUdif 
Kangr 

Betting* Available 

Factory Set 

S St. 3k 

* 33.17 

$ 34.44 

S 38.63 

$ 40.38 \ 

5-15 PSI 

10 PS! 


32 .38 

33.17 

34.44 

38.63 

40.3k | 

10-50 PSI 

35 PSI 

''sinless bleel 

61.44 

93.02 

94.21 

109.25 

111.63 

1 40-125 PSI 

90 PSI 

^uintnum 

*4.” SUe 

NET EACH 
VS Wee 

Ak» SUe 

w Kite 

Vi* Site 

Pressure Rente 

Range 
115-250 PSI 
235-450 PSI 

Settings Available 

Factory 8et 
200 PSI 
360 PSI 

6 32.38 

$ 33,17 

* 34.4 1 

> 38.1,3 

S 40.3k 

430-650 PSI 

550 PSI 


lit. 38 

3*1. 17 

34.44 

38.63 

40.38 

630 850 PSI 

7.50 PSI 

"sinless Meet 

HI .44 

93.02 

94.21 

109.25 

111.63 

630-1020 PSI 

850 PSI 


44.* Site 

NKT EACH 
w* M«r 

Ah* SUe 

Vi’ Site 

Vt’ Site 

Pressure Range 

Range 

800-1500 PSI 

Settings Available 

Factory Set 
1000 PSI 


8 42.28 

» 43.15 

S 44 18 

$ 48.61 

* 50.51 

1400 -MOO PSI 

1750 PSI 

4m vv 

4228 

43.1.7 

41.18 

48.61 

Ml 51 

1500 2750 PSI 

2200 PSI 

sierJ 

104.30 

106 08 

107.27 

122.71 

124.93 

2000-3100 P8I 

2600 PSI 



McMASTER- 

CARR 
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TEMPERATURE SWITCH 

incorporates the features most wanted! 


Fifteen Different Standard 
Switch Units Available 


Available in General Purpose 
Watertight, and Explosion- 
Proof Construction 
(Explosion-Proof Construction 
Shown) 


Separate Electrical Chamber 


Fixed Factory Mounted 
Snap Action Switch “ 


Watertight Gasket 


Two V Through Wiring 
Conduit Hubs 


Adjustable Reactuation 
(Reset) Point Over — 
Full Scale 


External Mounting Lugs 


Cover and Gasket for 
Adjusting Nuts Furnished 
on Watertight and Explo- 
sion-Proof Models 


Externally Visible Temperature 
Scale in ’F and "C 

Adjustable Actuation (Set) 
Point Over Full Scale 

Unique TRI-POINT 
Alternating Fulcrum 
Balance Plate 


Copper-Free" Aluminum 
Die-Cast Body 


Separate Temperature Transducer 
for Field or Distributor 
Assembly to Switch Unit — 


H" Diameter 
Bulb (or Probe) may be 
Mounted Horizontally or 
Vertically Without 
Affecting Operation 


Thirty-six Different 
Standard Temperature 
Transducers ” 

Available in 9 Different 
Standard Temperature 
Ranges 


Vapor Pressure Operation 
Limited Fill of Volatile 
Liquid Assures High 
Over Temperature 
Protection and 
Minimizes Ambient 
Temperature Effects 


Capillary Standard with 
Double Braided Copper or 
Plain Stainless Steel. Also 
Available with Galvanized 
Steel or Stainless Steel 
Spiral Interlocked Armor 


Temperature Sensing Element 1 
Available Standard as Direct 
Probe or Capillary and Bulb in 
Copper or Stainless Steel 
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Temperature Switches 

ADJUSTABLE DEADBAND TYPE 

Independently Adjustable Set and 
Reset Points Over Entire Range 


GENERAL DESCRIPTION: This senes of ASCO TRI- 
POINT Temperature Switches is the adjustable deadband 
type. They consist of two separate sub units, a factory ad- 
justed switch assembly unit and a temperature transducer 
unit. The temperature transducer utilizes a vapor fill to 
actuate the switch assembly unit in response to tempera- 
ture changes. These temperature switches may be pur- 
chased as an assembled unit, or they may be purchased 
as two separate units for field assembly. In all cases, when 
ordering, the third digit of the switch assembly unit must 
be identical to the third digit of the temperature trans- 
ducer unit. 

-Example: SA10A Assembled to QA10A1 

* Must Be identical - 

f>r;er j p ( • j he temperature transducer uses the vapor 

pressure principle m which the vapor pressure of the liquid 


in the sensing bulb is related to the temperature being 
sensed This pressure is converted into a force and trans- 
mitted to the balance plate. Two independently adjustable 
springs apply a counter force to the balance plate Move- 
ment of the balance plate in two steps is transmitted to the 
snap action electrical switch by an operating rod. The actu- 
ation (set) point and the reactuation (reset) point are both 
independently adjustable over the full temperature range 
of the switch. The temperature difference between the set 
and reset points is the deadband and is adjustable fiom the 
minimum as listed belc/ to the maximum of the full range. 

OPTIONAL FEATURES: Several options are available; 
for details and availability, consult pages 9, 10 and 11. 

ELECTRICAL INFORMATION: Consult page 9 for elec- 
trical ratings and schematics tor standard and optional 
snap action switches. 


SPECIFICATIONS 


HOW TO SELECT AND ORDER 


SWITCH ASSEMBLY UNITS 


TEMPERATURE TRANSDUCER UNITS 


1. Determine the temperature range needed Preferably the 
ailuation pemt mould be in the m adle two third! ot 
the span Check that the manmum temperature rating 
is sufficient. 

2. Reas across and select one snitch assembly unit with 
the propei enclosure 

I. Continue across me same line and select one transducer 
according to me construction desired. 

4. Field assembly: Order me sn tch assembly pn.t and the 
transducer unit by iheu respective catalog numbers if 
vou desire to field assemble me temperature switch. 
The third digit in each catalog number must be identical. 

5. Factory Assembly: Add the two catalog numbers together 
separated by a slash ( ), it you desire * completely fl- 
sembled temperature switch 

(■ample For a temperature switch required to actuate at 
50‘F, select a 0-90*F switch Such a temperatuie switch 
with a general purpose enclosure and copper capillary and 
bulb would Be catalog number SAIDA QD11A1. 


(Two V NOT Conduit Hubs Standard) 


E': 

“nvcAnarC 


Ceneral 
bur peso Type 


FI 

m 


(■plosion 
Proof Type 


Direct 

Prebe 


"T 


Capillary 

lull 



Armored Capper Capillary 
or Plain Stainless Steel 
Capillary 










1 CAPILLARY AN0 BULB 


AOIUSTARK 
OPCRATING 
RANG( 
(In Degrees) 

Of ADBAND 

CCN(RAL 

PURP0S( 

ENCLOSURE 

WATERTIGHT 

ENCLOSURE 

EXPLOSION- 

PROOF 

ENCLOSURE 

DIRECT PR00E 

COPPER 

(Armored 

Capillary) 

31* S.S. 
(Plain 

Capillary) 


MAX AT 

T(MP, MID RANCC* 

(In Degrees) (In Oegrees) 

COPPER 

It* S I 


CATALOG NO. 

CATALOG NO 

CATALOG NO. 

CATALOG NO. 

CATALOG NO. 

CATALOG NO. 

CATALOG NO 

‘F 

-60- 20 

200 6 

SA1CA 

SAHA 

SA12A 

QA10A1 

QA10A4 

QA11A1 

QA11A4 

•c 

— 51 -—7 

93 • 3.3 

•F 

-30- 60 

250 6 

‘ | 

SA10A 

SA11A 

SA12A 

QB10A1 

QB10A4 

QB11A1 

QB11A4 

•c 

-34- 16 

121 33 

•F 

0- 90 

300 8 

SA10A 

SAHA 

SA12A 

QD10A1 

Q010A4 

QD11A1 

QD11A4 

•c 

-18- 32 

149 4 4 

•F 

50-160 

350 7 

SA10A 

SAHA 

SA12A 

QF10A1 

QF10A4 

QF11A1 

QF11A4 

•c 

10- 71 

177 3 8 

‘F 

100-220 

450 8 


c A1 1 A 


QJ10A1 

QJ10A4 

QJ11A1 

QJ11A4 

*C 

38 104 

232 4 4 

oA i UA 

onl 1 A 


•F 

160-260 
71 - 127 

500 9 

260 ~To 

SA10A 

SAHA 

SA12A 

QL10A1 

QL10A4 

QL11A1 

QL11A4 

•F 

225 • 340 

600 12 

SA10A 

SAHA 

SA12A 

QN10A1 

QN10A4 

QNilAl 

QN11A4 

‘C 

107-171 

316 6 7 

F 

‘C 

300-450 

149-232 

700 12 

371 ~ 6 7 

SA10A 

SAHA 

SA12A 

QT10A1 

QT10A4 

QT11A1 

QT11A4 

F 

•c 

350 - 510 
177-266 

800 18 
427 ~ ‘ 10 

SA10A 

SAHA 

SA12A 

QU10A1 

QU10A4 

QU11A1 

f 

QU11A4 

•At (rtreme tnds o» Ranyr-. 

Faiur . May vary up i" 50*0 of 

listed Deadband 
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SOLAR 

CONTROL 

CORP 






r . 

I Model 77-1 7i 

Solid-State Solar Hot Water Controller 


Description 

The model 77-1 71 is a solid- 
state differential thermostat 
capable of fully controlling a 
solar hot water heating 
system. The unit is designed 
for a lifetime of maintenance 
free service, and incorporates 
freeze and boil protect circuitry. 

Air and Water Probes 


Air probes are available for 
clamp or screw mounting. 



Water probes have W 
NPC thread, in lengths from 
2%" to 28". 


115 VAC input, wire nut 
connection or 6' line cord 


Specifications 

Input Voltage Either 120 VAC i 10V or 24 VAC ±4V 

Input Power 3 watts, no load. 

Control Relay SPOT, 10A (resistive) at 28 VDC or 120 VAC Higher 

ratings available. 

Output Voltage Either 120 VAC or 24 VAC 

Sensors Matched thermistors, (± 1°C over range from OX to +100°C) 

in a metal housing, with high temperature teilon leaos 

DiFarential Turn-off 

Offset Typically 4°F ±2° @100°F, vcan be adjusted by a 

resistor change). 

Difforential Turn-on 

Offset Typically 20°F ±2° @ 100°F, (can be adjusted by a resistor cnange) 

Temperature 

Range Controller chassis: -40°F to 140°F 

Sensors: -40°Fto +300°F 

Tracking Accuracy ± 5°F over entire operating range. 

Isolation Protection 1 500 V 

®“ 4- x 4- X 3V»- OUGlSM' 

Weight 2 lbs. pQQB- QUaI** *■ 

Mounting Mounts bn 4" x 4" “J" box. •** 

Wiring Diagram firing Code 

Low voltage 

— — High voltage 
Contractor instaiieo 


■ Red/BIk 
Red 

• RedrWht 



f \ 





LED 

r\ 




, 

i 

i 


r 

i 


Relay closes when 
collector temperature is 
higher than storage temperature 


I , 


Stepdown transformer 


24 VAC input j 


Aux In/Out I 3 


Common -+• 5 - 

I 

Low 4 - 6 - 

r . 


24 VAC output 


r? r* 

Collector probe 




Storage probe 


* SOLAR CONTROL CORP. 5595 Arapahoe Road. Boulder. Colorado 80302 303/449-9180 

A19 



FIELD INSTALLATION DIAGRAM 


24 V AC 
TRANSFORMER 
\ INPUT/OUTPUT 


TERMINAI 


AUX. OUTLET 


RED/DLACK 

(NC) 


COLLECTOR 

PROBE 


origins tACij. 
OF POOR QUAUT: 


STORAGE 


OUTPUT 


PROBE 


V, RED/WHITE 

TO PUMP OR BLOWER (NO 


VrHITE 


WIRE NUTS 


FROM PUMP 
OR BLOV.ER 


WHITE 


COMMON RED 


RED/BLACK (NC) 
COMMON RED 
RED/WHITE (NO) 


OPTIONAL RELAY POLES 


WIRING CODE 


4” X 4" OUTLET BOX 


2ND ORG/ BROWN (NC) 
COMMON ORG 
ORG/WHITE (NO) 


120 V AC 
INPUT 


HIGH VOLTAGE 


3RD BROWN/BLACK (NC) 
COMMON BROWN 
BROWN /WHITE (NO) 


CAP IF NOT USED 



- t - 
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RESIS XNCE TEMPERATURE TABLE 
U S. INDUS RIAL SPEC. R 212F /R 32f 1.3911 

PLATINL RESISTANCE THERMOMETER 
h 100 OHMS AT 32°F. 


TABLE 


12:100 

f> ftr'hon.' . (ul 21 7fti' U21 


Tin I t .»» a t I 1 1 r i 4I3HMM I 


11*0 
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DIVISION OF JOHNSON SERVICE COMPANY 


ORIGIN ALPA.GB®, 

qv FOUR QT3AU 1 


series Y61, Y62, Y63 

B A S 0 k TRANSFORMERS 

For Use With PENN-BASO Gas Controls and Ignition Systems 


Y 

Y61, Y62, Y63 

374 1 -C 

3741 B 


APPLICATION 

These transformers are designed to match the 25 volt 
power requirements of Penn-Baso gas controls and 
ignition systems. 

Transformers for use w ith Penn motor actuators, Actrol TM 
staging and other low voltage control circuits are 
described in Bulletin 3747. Bulletin 3740 describes the 
Penn-Baso igniter transformers. 





fig. 1 — Y6IAA 3 plate mount- 
ed 20 VA. transformer is illus- 
trated above. Note the three 
secondary terminals. 



Fig. 2 — The foot mounted 
Y6IAC-2 is illustrated. Note 
addition of the conduit hub. 


FEATURES 

— Transformers deliver 25 volts minimum at their VA. 
ratings at 100% power factor. 

— Choice of primary voltages to meet power require- 
ments. 

— Plate, foot or conduit hub mounting models available. 

— Choice of terminal board or lead wire connections. 

— Two or three terminal secondary as selected. 

— Color coded lead wires for simplicity and standard- 
ization. 


GENERAL DESCRIPTION 

Baso transformers are high quality devices that provide 
rated secondary output under rated load. 

Secondary voltage of 25 volts. Transformers may be used 
on 50 or 60 Hz. power supply. 

Series Y6l and Y62 are NEC Class 2 energy limiting. 
Scries Y63 is NEC Class 2 internally fuse protected. 


MISCELLANEOUS SPECIFICATIONS 

Open Circuit Voltage (No Load): Y61. 27.5; Y62, 29.5: 

Y63, 27.5. 

Finish: Cold drawn steel end bells, frame, feet and plate, 
zinc plated with dichromate dip. 

Laminations: Soft Silicon iron with edges painted black. 
Identification: Stamped on laminations, foot or hub 
mounted models. Stamped on plate of plate mounted 
models. 

Minimum Ambient Temperature: —40 F ( — iO C ). 

Packaging: Bulk pack supplied to OEM’s. Individual 
reshippable package supplied at extra cost. 


Series 

Number 

Bulk Pock 
Qty. 

Approx. 
Wt. lb» (kg) 

Y61 Plate 

36 

60 5 (27.2) 

Y6I Foot 

<5 


,24 3) 

Y62 Plate 

36 

76 

,34.2) 

Y62 Foot 

30 

49 

(22) 

Y63 Plate 

12 

30 

(13.5) 

Y63 Hub 

32 

^_66_ 

(29 7) 


PRODUCT NUMBER SELECTION CHART 


Product 

Number 

Primary 

Secondary 

Mounting 

Dimension! 
(See Figure) 

Voltoge 

Electrical 

Connection 

Voltage 

Electrical 

Connection 

20 VA. CAP> 

\CITY TRANSFORMERS 


Y61AA-3 

120 

8 B A W Lead Wires 

25 

3 Terminal! 

4" x 4 ' Plate 

3 

Y61AB-3 

120 

8 ' B & W lead Wires 

25 

2 Terminal! 

T ■ x 4" Plate 

4 



Y61AC 2 

120 

8" B A W lead Wirej 

25 

2 Terminal! 

Foot, • 2 "- 1 4 NPS Male Hub 

- 

Y61 At 2 

120 

10" B 4 W Lead Wire* 

25 

3 Terminal! 

Foot 

6 



Y61AF-2 

120 

8 ' B A W lead W.rei 

25 

2 Terminal! 

•V'-14 NPS Mole Hub 

L__ 7 

Y61BF-2 

240 

8 " B & Y lead Wiret 

25 

2 Terminal! 

V4"-14 NPS Male Hub 

7 
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